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ABSTRACT 


A  Panel  on  UXinmr  Momn  wee  formed  under  the  National  Ne- 
eonrth  Cornell  Coaaaltua  oa  Amphibious  Operations.  It  ta  composed 
at  ctrlllan  mam  be  fa  representing  the  several  major  technical  areas  of 
bnnraet  la  andararalar  swiautiaf ,  and  multary  officer  and  civilian  •*- 
eaetadae.  la  addlUaa  tt  lie  oara  deliberations,  the  Panel  sponsored 
tttB  itodtaa,  a  aypealion.  cad  a  field  research  project  ta  preparation 
Nr  Ala  repart.  yellowing  a  dmcweeio*  of  (ha  unique  abilitiaa  and  lim- 
Itatleaa  af  an  donee  la  r  man  are  the  general  coaclualoaa  and  recowinteadn- 
tlean  af  the  Mad.  The  Panel  ceacladee  that  tnaa  caa  operate  safely  ami 
efltdeatly  uadi  neater  1/  property  equipped  eith  adequate  calf- contained 
ende  reretar  breath  lag  apperatee  ana  aelta#  U  aided  la  prooelllag  him* 
enU by  aeeeea  of  small  submerged  craft  or~tha>e«4dal  propulsion  uaitsj 
and  la  te  aaaae  decree  prelected  frees  underwater  bteArr^Che  report  em* 
phMdaaa  the  ability  af  aadereeter  swimmer*  to  operate  nrhlle  maintain* 
lag  tactical  earprtae.  The  Panel  grata  thet  the  full  potential  of  under* 
water  ewtaamera  Air  offensive  aee  agalaat  chipping  aad  harbora  bee  aet 
CePheen  rnallaa<|rqp«l»  Mirp'tihW  A^-wledge  Jim  ltyr-  ~i  i  —  '  " 
•unaacULAdHHM^The  me la  body  of  the  report  coataiaa  deecriptiena 
of  the  etate  of  kaawledge  wl*  raapeet  »  the  aeveral  pheaee  of  trade  r- 
water  cnlaamlag,  ate  tern  ante  of  pergaretean  requirements  for  llama  of 
eqnlpanent,  aad  raoetaaiawdetlnaa  for  ran  rare*  and  development  needed 
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PREPACK 


Underwater  swimming  waa  flrrt  looked  at  atrirtly  from  the  Amphibious 
Operation*  standpoint.  It  quickly  became  apparent  that  the  Amphibioua  rorcea 
Underwater  Demolition  Teama  had  much  in  common  with  other  military  and  civi¬ 
lian  activities  -•  namely  that  of  underwater  swimming.  While  the  application* 
and  the  tactics  of  the  aeveral  underwater  groups  vary,  ail  have  common  f  hyeia- 
loglcal  and  technical  problema,  hence  the  title  of  the  report  ia  the  broad  one  of 
''Underwater  Swimmers.  "  Because  of  these  many  applications  and  varied  techni¬ 
cal  problems,  this  report  ia  a  group  effort.  The  gtoup  ia  officially  known  a*  the 
Panel  on  Underwater  Swimmers  of  the  Committee  on  Amphibious  Operations. 

The  panel  la  composed  of  members,  associate  members,  and  consultants,  rep¬ 
resenting  operational  and  technical  areas  both  within  and  without  the  military  es¬ 
tablishment. 

The  persons  contributing  to  this  report  are  as  follows: 

Members 

R.  Resells  (Chairman).  Scrip**  Institution  of  Oceanography 

B.  Bradner,  University  of  California  (Berkeley) 

W.  Be  scorn,  Scnppe  Institution  of  Oceanography 
W.  A.  Hahn,  National  Research  Council 

C.  J.  Lambs  risen.  U  rive  ratty  of  Pennsylvania 

R.  B.  Livings***,  University  of  California  (Los  Angeles) 

C.  Llabaagh,  Scrtppa  Institution  of  Oceanography 

Associates 

LCOL  B  S,  Call  aha  at,  USMC,  Marine  Corps  Bquipmer.t  Board 
V.  3L  Davis,  Caglaser  KimsHi  and  Development  Labs. 

CDS  A.  !L  Oran,  USN.  Bureau  of  Ships 

LCD*  P.  ft,  Pane,  USMB.  Commander.  UDU  ONE 

LCH  (L  A.  Oerdes,  UIN,  Office  of  Naval  Research 

IXDB  F.  T.  Johnson,  USN  (MC),  Underwater  Demolition  Unit  TWO 

LTJG  *.  H.  ’.enphier,  USNR  (Me),  Experimental  Diving  Unit 

R.  1.  Meson,  U,  5.  Navy  Undsrwstar  Sound  Laboratory 

LCDR  D.  O.  Srntdsr*.  USNR,  Underwater  Demolition  Unit  TWO 

IX  DR  W,  K.  WUson.  USN,  Experimental  Diving  Unit 

CD»  D.  E.  V&ung,  USNR;  Explosive  Ordnance  Demolition  Unit 

Coeeui  tents 

LT  J.  Barker.  USNR,  Uirierweter  Dem  atlas  Unit  ONX 

R,  Dill,  Navy  Electronic#  Laboratory 

LT  J.  Drnso,  USN,  Underwater  DemoUtton  T»am  TWO 
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R.  Fra*ietto,  Office  of  ”i«il  Research  (at  UDU-TWO) 

1_  Goff.  National  Institutes  of  Health 
T.  A.  Manor.  Scrlpps  Institution  of  Octane  graphy 
W.  North.  Scrlpps  biatltutlon  of  Oceanography 
H.  Specht.  National  Insl'Wee  of  lle;"h 
M.  W.  Stroud.  Uni ve raity  of  Pennsylvania 

An  iniUal  activity  of  the  group  contributing  to  tnia  report  «raa  the  Sympos¬ 
ium  on  Underwater  Swimmer*,  held  In  Coronado,  California,  in  December  19*1. 
Thia  was  the  first  Urge  gathering  la  the  United  Stales  of  technical  ami  operational 
persrns  Interested  In  the  flald  of  underwater  swimmers.  It  was  clear  from  that 
meeting  that  only  a  portion  of  the  potential  abilities  cf  underwater  swimmers  for 
both  military  and  civilian  purposes  had  been  eaploited  to  date.  It  was  also  clear 
that  scientists  and  technical  men  working  la  conjunction  with  operating  personnel 
have  many  serious  problems  before  them.  Following  the  symposium,  staff 
studies,  meetings,  discussions,  and  preliminary  papers  were  sponsored  by  the 
Panel  with  the  view  In  m.‘nd  of  contributing  to  thia  report.  In  addition,  an  ad  hoc 
field* laboratory  experimental  group  was  sponsored  during  the  summer  of  l«i  to 
more  clearly  formulate  some  of  the  basic  problems  In  this  field  and  suggest  ways 
and  means  toward  thetr  solution.  Because  of  the  relative  newness  of  this  field, 
eves  the  group  maeriesct  of  these  technical  sod  tactical  people  Jotatly  writing 
thia  report  migt-  oe  considered  a  major  stop  forward. 

tills  report  attempts  to  present  the  present  "state  of  the  art"  of  umiar- 
water  swimming.  U  further  attempts  to  point  out  tha  futura  potentialities,  both 
military  and  civil  for  underwater  man.  Probably  tha  most  Important  single  qua*, 
lion  It  attempts  to  anaerar  is.  what  art  tha  unique  caoabiUtles  of  an  Underwater 
S'.lmrasrT  It  u  hoped  that  this  rspor;  will  sarve  aa  a  guida  and  a  sourcs  uf  au¬ 
thor!  atlva  iafoimation  for  those  In  the  field.  Moat  important,  parhaps.  .re  the 
recommendations  for  research  and  development  that  must  be  undertaken  so  aa  to 
realise  the  full  potential  of  this  Important  military  seapw  and  clvlUaa  research 
tool. 


While  tne  product  of  the  group,  the  reaoonslbitity  for  the  contents  of  the 
report  lies  with  tbs  civilian  members  of  tbs  Pinal  on  Underwater  Swimmers. 

Tha  panel  wishes  to  express  Its  thanes  o  Or.  Ravella  and  to  A.  Hahn 
for  the  flnai  editing  of  tho  report,  nM  to  Midge  Kolesar,  and  Mavis  Merrill  and 
the  Committee  on  Amphibious  Operation's  Staff  .‘*r  tha  preparation  of  tho  manu¬ 
script  aei  final  copy. 
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0  UTTROOUCTIOW 


Thu  report  U  concerned  with  underwater  swimmers.  It  is  not  limited 
7  specific  type  of  swimmer,  such  as  an  underwater  demolition  man,  or  an 
Mies  ordnance  disposal  man,  or  a  bottom  scratcher.  We  are  concerned 
iwhat  with  akin  dive  re  but  mainly  with  underwater  swimmers  wearlnf  self 
lined  underwater  breathing  apparatus  (SCUBA).  For  purposes  of  this  re- 
an  underwater  swimmer  is  considered  as  a  man  underwater  with  no  attach* 
»  to  the  surface  such  as  a  telephone  line  or  air  hose.  It  1.  la  this  respect 
tly  that  he  differs  from  the  shallow  water  and  deep  sea  diver. 

History  and  legend  are  replete  with  stories  of  the  exploits  of  individual 
mrs  both  an  the  surface,  and,  in  some  eases,  under  it.  The  pearl  divers 
•hail  divers  at  the  Melanesian  and  Microneelaa  islands,  the  famed  Japanese 
i  divers  and  the  Mexican  stone  divers,  with  practically  no  equipment,  or  at 
of  the  crwwst  hind,  perform  feats  that  western  man  has  yet  to  achieve. 

They  explore  the  depths  of  the  sen  for  food  or  for  profit  and  perhaps  for 
Bat  western  man,  unlike  Us  eastern  cousins,  hse  extended  Us  underwater 
Ijs  mostly  for  military  purposes.  Characteristically,  a  have-not  nation 
Saly,  in  June  of  1940,  in  the  early  part  ef  World  War  11,  led  the  way  in  the 
f  swimmers  as  e  vary  powerful  modem  military  weapon.  One  of  their  first 
tssful  attacks  was  against  the  British  cruiser  YORK, a  10, 000  ton  ship  which 
mnk  is  Suds  Bay,  Crete,  along  with  three  other  stupe.  The  Italians  later 
•dad  their  activities  to  include  limpet  swimmers,  the  use  of  motor  torpedo 
,  and  tbs  deadly  two-mas  torpedoes.  Is  two  year*,  their  effort  resulted  is 
IU  tons  of  skipping  sunk  or  severely  damaged  ••  a  total  ef  11  ships.  The 
•  octet  to  the  Italians  for  this  Impressive  dead  Is  the  allied  navel  force  was 
iagty  low;  100  man.  10  of  whom  became  casualties  and  SO  prismtere,  IT 
ir  beats,  to  torpedo  boots,  and  approximately  100  limpets. 

Tbs  British  were  dismayed  to  watch  their  proud  ship*  sink  In  tie  muddy 
w  ef  Alexandria  and  Malta  bet  they  soon  adopted  this  obviously  good  Idas  of 
aliens  for  thslr  qua  purposes.  They  directly  copied.  Improved,  aad  added 
^■tpaaerrts  tor  the  underwater  activities  ef  their  swimmers.  One  at  their 
fammm  exploits  wtth  their  "X  craft",  as  they  named  their  mUtgwt  submar- 
i.  was  the  dam* gin (  of  the  German  battle  cruiser  TTRPtTZ,  Saptrnber  1941, 
torweglaa  fjord.  Of  notable  importance  during  World  War  II  were  the  f sca¬ 
nt  lab  "P"  Parties  which  explored  harbor  bottoms,  quay*,  lucks,  etc.,  for 
an  <*otaclso  and  booby  trap#,  and  cleared  newly  captured  barbers.  The 
db  alee  formed  small  I  end  leg  Craft  Obstacle  Clearance  Unite  which  t*c' 
n  the  initial  phases  ef  the  Normandy  land  luge,  simultaneously  with,  and 
It  without  awareness  of,  the  Italian  act  lattice.  Tfcr  Office  nf  Strategic 
re*  fenr. »4  and  trained  groups  of  men  far  underwater  attacks  oa  eflipaias, 
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beach  reconnaissance  and  demolition*,  and  the  landing  of  agents  by  sea  Some 
of  ..lea*  men  were  abaorbed  in  tr.e  formation  of  U.S.  Wavy  Underwater  Demoli¬ 
tion  Teama.  while  othera  were  aaalgned  to  work  with  the  Brltlah  in  England  and 
Burma. 


The  flrat  U.  S.  teama  of  awlmmer*  worked  with  the  Brltlah  at  the  Nor¬ 
mandy  landings  and  auffered  up  to  45%  caauaitiea.  Among  the  principal  leaHOil* 
for  these  high  casualty  rates  was  the  lack  of  naval  gunfire  support.  The  swim¬ 
mer  parties  were  subjected  to  severe  flee  from  the  beach  and  to  some  extent 
frsm  aircraft  above.  The  Underwater  Demolition  learns  of  the  Unitea  states 
N  ,vjr,  aa  w*  know  them  today,  first  saw  action  in  the  Pacific  operations.  These 
men  were  trained  Initially  at  Fort  Pierce,  Fla.  and  later  on  the  island  of  Maui, 
T.H.  In  the  Pacific  they  performed  the  reconnaissance  demolition  operations  which 
are  stU.'  a  basic  pattern  In  amphibious  landings  today.  These  teams  are  an  inte¬ 
gral  part  of  the  U.  S.  amphibious  forces.  Wa  shall  sea  later  that  tactics  and 
equipment  are  substantially  those  developed  during  World  War  U. 

Since  the  war.  Interest  ha*  bees  growing  la  sport  fishing  and  in  the  sight¬ 
seeing  ispecte  of  underwater  swimming.  In  Italy  and  1  ranee,  and  more  recently 
In  the  United  States,  especially  on  the  West  Coast,  tt.a  a  ale  of  fine,  masks, 
spear-guns,  and  the  formation  of  underwater  swimmer  clubs  has  grown  evermore 
rapidly. 

Underwater  swimmLig  la  now  becoming  an  oceanographic  research  tool 
Self  contained  underwater  breathing  apparatus  is  being  increasingly  used  by 
archeologists,  marine  biologists,  oceanographers,  and  others  who  want  to  go 
down  into  the  shallow  waters  of  the  sea  for  a  first-hand  look  at  it*  many  myster¬ 
ies. 

What  are  the  unique  characteristics  of  mad  under  water,  both  in  ilia  mili¬ 
tary  sans*  and  for  civilian  uses?  Whet  are  the  limitations  of  underwater  mm, 
either  alone  or  elded  by  equipment?  What  la  it  that  underwater  swimmers  can 
do  better  than  can  be  don*  in  other  ways? 

A  lint  of  the  unique  capabilities  of  underwater  swimmers  would  cer*elnly 
Include  the  following: 

1.  Intelligence,  personal  observation.  Judgment,  direct  action  in  the 
underwater  environment  --  In  short,  the  personal  touch. 

2.  Ability  to  coordinate  underwater  us*  of  the  senses  of  sight,  hearing 
and  touch. 

).  Ability  tc  operate  with  almost  complete  secrecy  -»  swimmers  are 
ueeily  invisible  from  above  the  surface,  nolac  output  is  low  and  there 
la  little  other  detectable  signal. 

4.  Ability  to  operate  near  a  target  —  "the  ner.  ■  placed  chsrge"  concept, 

J.  Flexibility.  Swimmer  units  can  vary  in  *ii:c  from  one  -r.sn  ti>  several 
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underwater  demolition  teems,  ee  we  now  know  them;  wtl  cun  be 
made  up  for  specific  tasks  frerr.  tsslc  elements  skilled  in  the  funda¬ 
mentals  of  underwater  swimming;  such  forces  are  mobile  and  relative¬ 
ly  self-sufficient. 

4.  Ability  to  operate  In  shallow  water,  narrow  channels,  and  plnceo  where 
meet  other  units  can  not.  The  underwater  swimmer  does  not  disturb 
tbs  bottom  nor  need  surface  attendance. 


What  are  the  limitations  of  underwater  rr-ji?  With  sufficient  equipment 
there  ere  few  absolute  limits,  but  the  Increased  ability  given  by  equipment  must 
be  weighed  agalnet  the  loss  of  unique  capabilities  which  may  result  from  Its  use. 

At  present  time  underwater  men  are: 

1.  Limit*  In  depth  of  operation  —  unaided  skin  divers  can  go  to  about 
SO  feat;  self-root ained  underwater  breathing  apparatus  (SCUBA)  pelf- 
mite  operatiane  -O  over  200  feet  (decompression  required  for  over 
ISO*  when  using  sir). 

2.  Limits*,  in  time  submerged  —  skin  divers  to  about  2  minutes,  SCUBA 
swimmers  from  two  to  about  four  hours. 


).  Limited  la  spaed  —  maided  swimmers  to  about  one  knot;  development 
of  individual  propulsive  equipment  might  give  about  four  knots;  witi, 
midget  :raft  five  to  fifteen  knots  seems  possible. 

4.  Limited  In  ability  to  navigate  --  development  of  iocs  systems  may, 
however,  make  passible  accurate  navigation  of  underwater  «»«n  nver 
ranged  several  thousand  yards  from  a  control  station. 

5.  Limited  In  ability  to  see  --  la  turbid  water  to  about  three  feet.  In  clear 
water  40  to  100  feet.  With  sonar,  soma  perception  may  be  possible  at 
ranges  from  hundreds  to  thou* sods  of  yards. 

4.  Limited  la  power  available  -  9. 1  to  0, 4  horsepower  for  continuous 
operetta*.  1. 1  horsepower  for  e  few  seconds. 

?.  Limned  la  lead  carrying  ability  -•  J  to  7  pound  pull. 

0.  Limited  In  temperature  tolerance  -  40*?.  to  44*?.  without  protection. 

4.  Limited  In  range  of  operation  --  unaided  swimmers  uataft  SC'uBA  have 
a  radius  of  underwater  ope  ratios  of  about  twe  a  lie* 

10.  Limited  In  maneuverability  —  via*.  •'*  of  the  water  environment  pre¬ 
vents  quick  movements. 

■i  ! 

11.  Vulnerable  to  explosives  and  poeelbly  i  other  'ountermvasurea. 


) 
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!f.  Limited  psychologically  by  Ui*  unfamiliar  environment,  p.irt.nilarly 
•t  night 

Fran  th*  above.  It  appear*  that  the  job*  that  can  probably  b*  performed 
with  the  techniques  of  underwater  ivunmiri  better  u.an  by  other  meana  are: 

I.  Hewaalaaaate  at  underwater  and  near  water  area*  with  mitumui? 
rtak  ij>  detection  using  visual,  photo  grapMc,  TV,  and  recording; 
landing  at  agent*  and  other  metl«<*«  for  gathering  Intelligence. 

1.  Hand-placing  at  demolition  chargee  with  minimum  riak  at  detection 
prior  to  eaplaalon.  Removal  of  beach  obstacle*  and  natural  barrlera 
to  landing  araaa,  aebotaga  to  enemy  inaiallation*  in  or  near  water  area*. 

1.  Mine  detection,  location  and  Idea*  If  teat  ton  In  area*  where  other  mine- 
hunting  mean*  are  Ineffective. 

4.  Penetration  of  enemy  held  harbor*,  river*  and  anchorage*  to  conduct 
entl-ehlpplng  raid*.  Thia  can  be  thought  of  a*  a  relatively  *afe  and 
cheap  catena  ion  at  submarine  activate*  in  araaa  where  It  in  difficult 
for  sabmartoej  In  pa. 

5.  luapuctloii  of  ahlpa,  looka.  wharvee,  ate.  for  onemy  activity,  and 
almUar  harbor  defame  tanka.  Including  active  count*  rune  a*  urea 
egmiaat  enemy  awtmmera  and  midget  aubmarelblaa. 

4.  Ornaral  utility,  tuck  ae  salvage,  minor  repair,  emergency  con »♦  ruc¬ 
tion  at  brtdgea  and  wharvee,  neap  fording  at  river*  and  lakaa,  loading 
and  uelnw  lag  of  aea-dUchargwd  vehldaa. 

t.  Kxploctve  ardaance  dl appeal  where  tarnations!  diving  gear  In  rela¬ 
tively  i  naff  active  or  cannot  he  ueed,  that  la  la  rough  weather  or  araaa 
of  strong  currant*,  where  eecrecy  in  desired,  or  where  one  done  not 
wan*  to  etlr  up  the  bottom. 

4.  Service  aa  an  "aggressor  fare*"  to  teat  countermeasure  shuttle*. 

Added  to  thin  liel  are  aclaiUtflc  and  reeree’ioaal  uaaa. 

4.  Aa  a  raaanrch  tool  for  shallow  wato.-  oceanographic  toudlaa,  and  in 
aubmarlre  urcheolog}'. 

lb.  Underwater  fishing  and  sightseeing.  The  rapid  development  of  civi¬ 
lian  internet  in  this  field  may  prove  to  b»  of  considerable  military 
importance,  not  only  bar-  jsa  the  development  of  equipment  will  b* 
accalarated  but  bscauo*  a  reservoir  of  trained  man  wi".  become  avali- 
abla.  Many  at  thaaa  may  form  a  reserve  ..«  ur  forces;  un/ortunataly 
some  of  tbam  might  prove  In  a  crisis  t  >  b  (If.  ••  column  saboteurs. 

Me  aaiatlng  swimmer  group  can  eaacute  all  at  th"  opera*. Iona  lictrd  above. 
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Existing  operational  concepts  and  doctrine*  far  twjnmtr  group*  are  not  clearly 
o-jfiaed  at  pretest  but  In  general,  t*e  mlsalona  of  tr.j  eeveral  group*  are  aa  fel¬ 
low*: 


Underwater  Demolition  Ti-vr-i.  Thaac  *-e  an  Integral  part  of  the  Amphibious 
Force*  a?  the  tievy.  The  principal  job  at  the  Navy' a  "Frogmen''  ia  reconnaissance 
*Td  demolitioQ,  prlo*  to  an  amphibious  operation,  of  those  underwater  man-made 
obatantaa,  natural  obstacles,  and  min  as.  which  are  located  between  the  three 
fathom  line  and  the  high  water  mark .  Other  specified  m  tea  Iona  of  the  HOT  are 
to  act  aa  guide*  for  the  assault  waves  and  to  furulau  further  uadematrr  reconnais¬ 
sance  and  demolition  after  the  assault  waves  have  hit  the  beach.  In  addition  to 
those  mlsalona,  Korean  experience  indie  etas  that  UOT'a  may  be  called  upon  to  per¬ 
form  various  salvage  missions,  advaaco  inland  to  blow  up  tunnels  end  to  spot  moored 
mines,  in  tbs  main,  thase  activities  are  carried  e  i  by  skis  diving  techniques  but 
each  team  has  now  formsd  a  submerged  operations  platoon  and  the  possibilities  of 
completely  submerged  operations  through  tha  us*  of  self-contained  vndarwstar 
breathing  apparatus  are  being  explored.  Underwater  Demolition  Trams,  because 
of  their  basic  training  in  tbs  us*  of  explosive  *  and  in  swimming,  are  pe'tntiall/ 
capable  of  many  other  operational  task*.  Such  tasks  i^ignt  include;  sabotage,  anti- 
shipping  raids,  limpet  attacks,  harbor  penetrations,  and  tit*  Uli.  At  tha  present 
time  there  an  ft**  Underwater  Demolition  Teams  in  the  Navy  (three  Pacific,  two 
Atlantic).  T%s  war  complement  at  a  team  ia  1 1  officers  and  too  man. 


Baploet-je  Ordnance  P 


Exp]  _ 

Disposal  Unit  ia  to  render  a 
and  other  explosive*.  Next 
detonated  In  pises,  the  bigg 
Of  othar  ofteMd .  Cmplu) 
posal  la  a  in  writ  id  tsdnlqi 
States  Navy  Explosive  Ortbu 
tha  use  of  seif- contained  mm 
tha  mobility  of  those  writs  at 
ce salty  of  using  deep  Sen  diving  equipment 

t  would  be  required  for  this  purpose,  together  with 
l  tor  systematic  searching  of  tha 


'"*•>  n (salon  of  the  Ixplastva  < 

dispose  of,  mines,  torpedoes,  bombs, 
i  rendering  safe  explosives  that  caonot  b* 
-d  by  SOD  ps reoone  1  is  Is  find  the  mins 
.  '  awimmsrs  for  underwater  ordnance  die- 
.ush  Navy  and  is  being  explored  by  United 
..anal  Units.  Free  ewlmmii*  technique#,  with 
-«r  breathing  apparatna,  would  greatly  increase 
educe  the  logistical  problems  imp  mad  by  the  ne- 
Noise-free  ani  non-magnetic  swimmer 


Marla*  Waco— elaasnre  Team  awimmere.  There  are  an  orpmisad  swimming 
groeps  as  eucli  la  the  Marins  tiorps,  Tha  trixrlnss  view  underwater  swimming  as 
a  means  te  approach  the  lead  objective  o'  thuir  recammiaeinee  team*,  aurreptttious 
surfaosd  approach  to  beaches  Is  bscoming  increasingly  mors  difficult,  a*  tactical 
radar,  which  can  spot  a  surfaced  craft  or  man  Immediately,  becomes  men  avail  - 
ehls  to  the  enemy.  In  these  circamstancss  sidmasrged  approach  I*  the  ssly  mesne 
which  can  ptwetda  maximum  smpnae. 


f 


I 


Army  Engineer  awimmere.  Tha  port  construction,  bridge,  n#(»fcli>ua 
supwsrl~Mtd  oombsa  tiiginee  ring  units  at  tbs  Am«  Engineers,  whtls  not  habttuaUjr 
required  to  perform  underwater  tanka,  are  occaaii  -ally  called  apse  Is  da  racan- 
natsonsos,  pier  place  meat,  inspection  or  repsL ,  an  ■  demolttisn  ad  ts  ’erv  ater 
obstacle#. 
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Beach  IJive  re  ionary  i  "fort*  o f  ail  kinds  are  the  primary  nut  pose 

of  the.e  Naval  units.  They  use  awimml:.g  as  one  o i  many  techniques  In  carrying 
out  their  objectives. 

Research  Swimmers.  The  Freuch  have  plc*a.  *red  In  the  use  of  underwater 
swimmers,  equipped  with  self-cord  aiud  ere  a  thing  apparatus,  for  scientific  explo- 
•Uon  at  the  shallow  depute  of  the  sea  down  to  200-100  feel.  They  have  ofc.ained 
.euarkeble  results,  particularly  la  suhmarias  archeology.  In  tne  United  States, 
compressed  air  SCUBA  are  being  used  by  oceanographic  and  other  research  labor¬ 
atories  to  explcre  at  first  hand  the  subsurface  ocean  waters  and  tne  shallow  eea 
bottom.  Classes  in  underwater  swimming  techniques  are  taught  at  tha  Scripps 
Inethution  at  Oceanography  and  la  other  laboratories  to  marine  biologists,  geolo¬ 
gists  sod  oceanographers. 

Sport  Swimming.  Francs  and  Italy  have  been  leaders  in  the  numbers  of  sport 
swimmers  operating  la  their  shallow  water  areas  and  la  publications  devoted  to 
these  activities.  But  Interest  la  spear  fishing  and  underwater  sightseeing  la  con¬ 
tinually  growing  la  the  United  States,  ss  evidenced  by  the  formation  of  ms-y 
"bottom  scratch*  r"  dubs  on  the  West  Coeat  and  by  the  publication  of  a  mag  as  In* 
entitled  the  Shin  Divert  I  *1.  The  French  polish  Meptunla  1 12],  the  Italians  Mondo 
Subsequent  11  j. 

From  a  military  point  at  view,  the  operational  requirements  for  offensive 
use  at  underwater  swimmers  are  rimlelnad  la  a  single  concept.  Since  it  appears 
probable  that  U.  S.  forces  will  not  have  numerical  superiority  over  potential  enemy 
forces,  tbs  requirement  for  tactical  surprise  and  secrecy  of  operations  1s  grow¬ 
ing  ever-more  Important.  Whs  raver  there  are  rivers,  harbors,  ahorse,  lakes, 
or  other  water  accesses,  the  employment  of  underwater  swimmers  promisee  to 
be  e  aseful  technique  for  covert  recnmultence  and  for" achieving  surprise.  If  the 
basic  problems  of  underwater  swimming  for  this  purpose  ere  solved,  tha  pose  Utili¬ 
ties  of  estecdinw  underwater  swimming  operations  In  other  military  fields  will  be 
greatly  enhanced.  In  addition  to  being  e  patent  military  weapon,  tha  underwater 
swimmer  la  a  relatively  cheap  ana  both  from  the  standpoint  of  capital  Investment 
and  in  operating  cost.  Ha  Is  a  particularly  ld»-l  weapon  for  twe  by  a  small  awy 
against  a  Urge  one  --  the  more  so  If  the  former  country  has  virtually  unlimited 
manpower.  The  problem  of  defense  against  underwater  swimmers  is  tha  obvious 
converse  of  the  offensive  one.  Many  sneak  attack  exercises  practiced  by  our  Un¬ 
derwater  Demolition  Teams  on  alerted  American  anchorages  have  dramatically 
shown  that  our  Navy  is  extremely  vulnerable  to  an  enemy  attack  by  swimmers. 

1*0  effective  round  the  dock  defease  Is  known  at  present,  la  order  to  develop  such 
defense# .  greeter  emphasis  on  uadsrwntor  swtnuner  research,  development,  and 
training  le  urgently  needed. 

Man  without  proper  equipment  ami  adequate  train  lag  can  achieve  only  a  minor 
fraction  of  their  potential  alfectlveneae  under  water.  Swimmers  can  be  trained  to 
swim  more  efficiently  than  they  do  now,  but  nothing  -  .  l  a  done  about  the  fact  that 
tne  pate  power  output  of  mm  Is  limited  to  1 . 1  horse  pow-.  r  for  a  pertod  of  only  twenty 
seconds,  and  for  continuous  operation  he  cm  generate  on  /  0,56  horaepowv.  [15], 
tt  the  task  to  be  accomplished  requires  more  power,  he  must  be  supplied  with  auitable 
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r -Vilpmeni.  If  mu  la  to  oporctv  la  hot  water,  iome  means  of  keepir.g  him  cool 
moot  b«  provided  to  prevent  hoot  exhaustion.  If  ho  io  to  owtm  la  cold  voter,  ha 
must  bo  hapt  warm.  Ha  must  ba  protected  from  bloat,  abrasion,  toxic  watera, 
aad  other  haaorda. 

Many  Improvements  earn  ba  made  la  flaa,  maaka,  knives,  ahoac.  gauges, 
wOchoe  aad  othar  pataoeal  equipment,  but  ail  of  theee  ere  apt  io  torn  cut  to  ba 
marginal  la  tarma  of  overall  Improvement  lr  efficiency.  On  tea  othar  hand,  ra¬ 
te  arch  la  mixed  gaa  bicatelrg  aad  tha  development  of  e« If -contained  underwater 
breathing  apparatus  to  ba  uaad  at  varying  depths  for  long  parloda  of  time,  develop¬ 
ment  of  suite  that  alio*  freedom  of  movement  ywt  provide  maximum  protection 
from  excessive  cold  or  warmth,  propulsion  systems,  me  ana  cf  protection  from 
underwater  bloat,  communications  aad  navigation,  are  apt  to  radically  tncrvaoo 
man's  ability  to  perform  tasks  under  water. 

In  this  report,  an  attempt  has  bean  made  to  do  three  things:  I)  to  describe 
the  present  state  of  the  art  and  science  of  underwater  swimming:  2)  to  state  the 
requirements  for  equipment  r nd  techniques  which  would  enable  underwater  swimmers 
to  achieve  improved  operational  potentialities;  end  1)  to  suggest  tha  research  and 
development  necessary  in  order  to  attain  tha  desired  — r-rt  and  techniques 

01.00  COMCLTOlQtO  AMD  RRCOMhUtKSATXOMS 

All  of  the  eoncteateoa  aad  recommendations  with  respect  to  underwater 
swimmers  have  boon  gathered  together  to  this  section.  The  first  swbdtvteten 
(U.  01)  comalas  Oeneral  Ccnclualoos  with  respect  to  the  brooder  or  net  at  Impor¬ 
tant  aspects  eg  under  water  swimming.  Tha  ascend  subdivision  (02. 02)  contains 

Oeneral  Recommendations  of  similar  nature.  At  tha  aad  of  each  of  tha  — — _ r 

°f  tbs  ckphn  that  follow  are  tea  roarlualnne  aad  rvcownendatlooa  — mr-'-f 
those  aartteaa.  They  are  repeated  to  the  third  subdivision  (02  01)  of  this  —"--i 
for  tha  nnnvolaaai  at  tha  reader. 


I.  Underwater  ewtocreeru.  wtte  appropriate  trulatey  eat  — -T  -|,  aouln- 
maat  an  uniquely  qatdtf ted  to  perform  many  military  aad  civilian  oparattaaa 
They  are  else  subject  to  a  number  of  fundamental  limitations.  Prom  a  mUtterv 
point  cf  vtew.  tha  udpa  opera! tonal  advantage  la  tha  offensive  use  at  underwater 
swlmmaro  caa  ha  summarised  la  a  alngtu  concept  -  tactical  surprise.  In  Mura 
amphtetena  oparadlcaa  tactical  surprise  wttl  ba  eeeeatlalj  preliminary  nrn—aHani 
mhy  have  to  bo  n inducted  in  complete  secrecy.  Uadarwalar  — 1 — r — r  reai  Ida  a 
means  at  eiinampllakiag  tela. 

*■  Underwater  swbn mere  cea  ba  a  potent  military  wesoon  for  harbor 
ponatratlaa  end  aatuBpptog  raids  as  haa  bean  demoaat rated  by  the  British  aad 
IteDaaa  during  World  War  D  end  la  recant  U.  S  '  exercises  0  S  Forces 
do  not  curretely  have  avail  able  tea  knowledge  reoni-ed  far  the  fuU  esplodattoa  at 
tea  offooalvu  pateatteiiiles  of  tela  weapons  system,  -.or  caa  they  adequately  defend 
harbors  aad  anchored  fleet  elements  against  a  grove  of  dm  ermine.'  swtmmera 
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Though  current  doctrine  use*  surface  nUrmuri,  it  doea  not  plan  tor  ;.>«  offenalve 
uae  of  underwater  swimmers  aa  described  above,  and  only  recently  nave  email 
reaeareh  efforta  been  initiated  toward  astnunar  countermeaeurea. 

3.  Man  without  adequate  equipment  and  training  can  achieve  only  a  minor 
fraction  at  their  pmential  effrctlveneaa  underwater.  Equipment,  training  objectivea 
and  matarlnla,  aafety  rule  a  and  the  like apeclflcally  designed  for  the  underwater 
awimmer  are  urgently  needed.  The  areas  in  which  further  technical  knowledge 
and  mechanisation  will  yield  the  maximum  increased  performance  and  effective* 
neee  are:  cloaed  and  aetri-ciosed  circuit  mued  gas  self  contained  underwater 
breathing  apparatus,  swim  suits  for  protection  against  cold  water  and  underwater 
blast,  swimmer  propulsion  unite  and  submerged  crait.  secure  communication 
and  navigation  systems ,  and  the  development  at  standardised  safety  and  training 
procedures. 

«.  Specific  quantitative  Worm  at  ion  with  respect  to  the  abilities  and  limita¬ 
tion  of  underwater  man  is  urgently  r squired  to  provide  adequate  guidance  for  the 
detailed  planning  of  future  ey>  erne  and  techniques. 

S.  Although  new  tactics  ere  coeftaaoualy  being  developed  by  operational 
underweter  awimmer  groups,  considerable  technical  work  la  in  progress,  and 
nwimeuer  countermeasures  era  now  beginning  to  be  studied-  by  some  harbor  defense 
agencies  there  is  no  a  ingle  group  that  la  specially  charged  with  the  responsibility 
for  the  rmdlTuad  development  of  underwater  swimming  tr  chaiques  and  aqulpmsnt 
systems. 

«.  Because  of  the  current  and  anticipated  increase  In  research  and  devel¬ 
opment  efforts  on  problems  at  uadarwater  awimmora,  tbs  various  Items  of  under- 
wetar  swimmer's  equipment  ere  pt-ogrseeiag  at  difTarant  rates  and  with  insufficient 
attention  to  mutual  compatibility  among  the  severe!  comp  Quanta  at  the  system . 

7.  Tfcere  in  an  unified  body  of  knowledge  la  existence  relating  to  the  many 
appncM  of  problems  at  underwater  swimmers.  Within  ths  U.  S.  Military  Services 
thare  are  several  centers  at  Information  relevant  to  this  field.  Knowledge  am  re¬ 
lated  technical  subjects  la  spread  through  me  scientific  and  ganaral  lttaratere  at  this 
u-diy  and  *road. 

Of.  Of  general  Recommendations 

1.  Ths  fullest  exploitation  of  the  unique  pot  eel  ialii  tee  of  underwater  swimmers 
for  achieving  tactical  surprise  should  he  made  in  future  military  r‘ — -g  ana 
operttlons. 


1.  Keeesrck  and  devsiopmoat  ampbania  needs  to  be  placed  on  projects  * 

vu acted  urararca  maaucuing  this  mayor  advantage  of  using  uoderwntc-  men.  'f 

• 

1.  The  dtove  reaemaaendatloon  Imply  the  dr.  ?  tent  of  means  whereby  j 

utJerwaSer  meats  speed  and  endurance  be  increased  and  -In  liability  to  detection  f 

and  counts rmeaeurs  minimised.  Emphasis  ahouid  therefore  be  placed  5 
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a.  Closed  and  eemi-cloaed  circuit  mixed  gae  self  curtained  under¬ 
water  breathing  apparatus 

b.  Swim  suite  for  protection  against  cold  water  and  underwater 
blast 

e.  Swimmer  propulsion  unite  and  aifcmerged  craft 

d.  Secure  communication  and  guidance  systems 

e.  Development  of  standardised  safety  and  training  procedures 

4.  It  Is  recommended  that  ths  responsible  naval  agency  assemble  all  avail¬ 
able  records  of  actual  and  simulated  shipping  attacks  and  harbor  penetrations  per¬ 
formed  by  underwater  and  surface  swimmers.  It  la  expected  that  an  analyals  of 
these  data  will  constitute  forceful  evidence  of  the  uee fulness  at  underwater  swim¬ 
mers  in  offensive  operations  and  of  the  serious  threat  they  pose  to  our  defensa. 

*•  So  es  to  minimise  delay  in  initiating  vigorous  and  sufficient  effort  to¬ 
ward  the  technical  and  tactical  development  of  offensive  and  defensive  underwater 
swimmer  technique*,  tt  is  recommended  that  the  responsible  naval  agency  stage 
■  large  scale  realistically  atmu.'atsd  underwater  swimmers  attack  against  a  fore¬ 
warned  and  defended  harbor  or  fleet  installation. 

*•  Experimental,  analytical,  tud  operations  research  techniques  should 
be  applied  to  underwater  swimming  operations  in  order  to  develop  quantitative 
expression*  of  their  abilities  and  limitations  for  use  in  future  systems  and  opera- 

tlOBtl  pliwiag 

T.  There  should  be  established  within  the  military  establishment  a  amall 
group  of  operational  and  technical  personnel  charged  with  the  responsibility 
for  ths  continued  development  and  test  of  new  technical  and  operational  ideas  — 
j '  a  technical  and  tactical  inventions  group.  It  should  not  be  the  task  of  this  group 

to  evaluate  prototype  production  equipment,  but  rather  to  deal  with  item*  and 
)  procedures  further  in  the  future. 

!  t.  V  such  a  group  la  established,  it  should  have  the  additional  function  ot 

i  serving  ss  an  underwater  swimmer  counterrart  of  the  Army's  "Agressor  ro-cea" 

!  for  ths  continued  testing  of  ths  sites  of  our  swimmer  oountermeaaures  ability. 

f.  effort  needs  to  be  directed  toward  c  oordUnted  planning  and  develop- 
I  most  of  underwater  swimmer  systems  and  components.  White  ths  responsibility 

for  this  planning  and  development  must  remain  within  the  military  eetablUunem 
ana  device  that  might  be  of  assistance  In  accomplishing  it  would  he  the  continuance 
of  a  Panel  similar  to  the  one  responsible  for  this  report.  The  Panel  ahould  be 
composed  of  civilian  experts  from  ths  several  ..  technical  fields  of  interest, 
with  the  participation  and  advice  of  informed  and  uv—eated  associate  members ' 
drawn  from  military  reJeareU  and  operational  activities.  Assc-late  i-.tmbori, 
while  they  may  be  official  representatives  of  the  ajrncles  to  which  they  belong) 
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should  b«  at  liberty  to  express  unofTlc.  il  opinions  in  the  discussions  of  the  Ptnel. 

10.  A  central  point  of  information  exchange  should  be  maintained  for  the 
compilation,  receipt  and  diesem (nation  of  all  operational  and  technical  information 
relating  to  underwater  man.  An  appropriate  loc-V-n  for  such  an  activity  would 

be  within  the  Office  at  Naval  Research.  One  taek  of  this  activity  might  be  the 
assembling  of  a  select'd  and  annotated  bibliography  of  scientific  and  technical  liter¬ 
ature  on  underwater  swimmers  including  a  thorough  search  of  the  anthropological 
and  sociological  literature  for  information  relating  to  the  activities  of  native  pearl 
and  shsll  divers.  Consistent  with  good  security  practices,  this  centra!  information 
exchange  activity  should  maintain  contact  with  similar  activities  in  U.  S.  civil 
affairs  and  foreign  governments  end  groups.  An  U-'ormation  Exchange  Project 
(IEP)  established  with  the  United  Kingdom,  .'ranee,  Italy  and  perhaps  other  countries 
for  exchange  of  information  on  swimmer  problems  and  advances  might  yield  much 
valuable  Information  In  this  relatively  new  field. 

11.  Within  the  limits  of  re  as  on  able  military  security  scientific  and  technical 
information  should  be  treated  un  an  unclassified  basis  in  order  to  make  the  princi¬ 
ples  and  technical  advances  in  undsrwatsr  equipment  available  Ut  civilian  (and  con¬ 
tract)  researchers  and  sport  swimmers,  so  as  to  increase  the  fund  of  knowledge 
t-'d  experience  in  this  country  for  the  mutual  benefit  of  all. 

02.  OS  Summary  of  Specific  Conclusions  and  Recommendations* 

Physiological  Problems 

1.  Continue  field  and  laboratory  study  of  significant  physiological  aspects 
of  currently  conceived  under*  ate  r  sw  bum  lag  activities.  Those  s.oould  include 
Investigation  at  work  rate,  work  efficiency,  oxygen  consumption  and  ventilation 

in  order  to  facilitate  design  and  evaluation  of  required  breathing  equipment.  (03. 00) 

2.  Advance  and  expand  research  on  the  altered  dynamics  of  blood  circulation 
daring  submergence,  particularly  as  this  applies  to  rapid  changes  in  atiituda  under¬ 
water.  (01.01) 

3.  Inttiete  study  of  physiological  affects  of  prolonged  breathing  against  ab¬ 
normally  high  resistance,  both  inspiratory  ana  expiratory.  (03.01) 

4.  Continue  study  of  tha  influence  of  nitrogen  narcosis  on  human  performance. 

(03.02) 

3.  Continue  laboratory  studies  of  oxygen  breathing  in  man  aimed  at  construct¬ 
ing  useful  table*  relating  duration  of  oxygen  breathing  to  oxygen  tolerance  under  vauous 
conditions  ot  oepui,  wui*,  Swelled  mart  g-scs,  inspired  c»rbnn  temneraluie 

and  physical  condition.  (01. 02) 

■  NlMMPV following  the  conclusion  or  recomaendatk  ■  refer  to  tha  sections  of 
the  report  containing  the  supporting  text. 
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6.  Continue  research  In  .ttampt  to  determine  basic  mcch  iniem  at  oxygen 

rtaoning.  (01.02) 

T.  Initiate  investigation  at  Incidence  and  tuns  at  onset  o'  oxygen  poisoning 
at  depths  less  than  60  test,  obtaining  specific  ‘nfnrmatlon  concerning  influence  of 
small  amounts  at  carbon  dioxide,  exertion,  -rixiety,  cold  and  other  significant 
fee  lure.  Study  to  include  significance  of  so-called  "mild''  or  "warning"  symptoms. 
(01.02) 

0.  Initiate  or  continue  research  on  spec  Ju.  medical  problems  arising  in 
underwater  swimming,  >.a. ,  prevention  and  management  of  fungus  infection,  treat¬ 
ment  of  contact  with  harmful  animal  and  vegetable  Ilfs,  ate.  (01. 01) 

9.  Initiate  Study  of  decompression  problems  peculiar  to  underwater  swim¬ 
ming,  including  methods  at  applying  standard  decompression  tablet  to  these  activi¬ 
ties,  which  often  involve  multiple  changes  In  depth  during  a  single  dive.  (01.02) 

Selection  anJ  Training 


14.  There  exists  no  formal  body  at  knowledge  on  tits  art  at  underwater  swim¬ 
ming,  and  standards  at  performance  tof  underwater  swimmers  are  unknown.  As  a 
result,  the  training  at  shimmers  vai-iaa  from  place  to  place  and  from  time  to  time, 
and  the  principle?  at  select  km  of  man  for  swimming  taaka  have  only  cn  empirical 
basts.  (04.02) 


(04.02) 


i  criteria  for  uulsrwater  swimming  should  bo  develop-. 


12.  After  these  criteria  era  developed,  a  aeries  of  qualifications  for  dlffer- 
eot  levels  at  underwater  swimming  ability  should  bo  established.  (04. 02) 

IS.  Only  when  It  la  dear  what  a  swimmer  caa  and  should  do.  can  standard¬ 
ised  curricula  ha  developed,  instructors  consistently  Indoctrinated,  and  adequate 
training  malarial  and  facilities  pros  kiwi.  (04.02) 

14.  Training  faclUline,  testa,  and  material  aids  are  Inadequate.  Studies 
should  bo  Initiated  toward  designing  and  developing  standardised  training  procedures 
tailored  to  Urn  particular  needs  at  underwater  swimmers .  104. 02) 

19,  Further  study  should  bo  given  the  questions  at  the  beet  location  for 
•SIciMt  and  sals  training  at  underwater  swimmers,  and  whether  swimming  should 
bo  tau#rt  separately  from  the  specific  skills  Risdsd  tor  reconsa  lassoes,  demoli¬ 
tion,  ordnance  disposal,  submar  fed  attacks  on  shipping,  sod  othar  missions. 
I04.02;04.01) 

Effects  of  Undarwattr  Blast 


1*.  Underwater  blast  Injury  constitutes  a  a  clous  potential  hasurd  to  under¬ 
water  swimmers.  L.  deep  isothermal  watsi  (bars  . :  dengsr  of  injur;  frtcu  a  1  poa 
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charge  at  distances  lea*  than  6S  feat,  and  at  laaa  than  )00  feet  from  100  pcund 
chai  jo.  Safe  dtatancea  for  large  charred  are  uncertain,  becauae  It  la  not  known 
whether  peak  bleat  preaaure  or  total  impulse  from  the  explosion  determined  Injury. 
Research  should  be  continued  on  the  basic  mechanisms  of  underwater  blast  injury. 

17.  Explosions  are  likely  to  be  included  in  enemy  countermeasures  and 
these  may  nullify  or  deter  our  underwater  swimmer  operations  (OS.  00) 

IS.  Protective  clothing  containing  air  or  other  sound -reflecting  material 
might  appreciably  lessen  the  distance  at  wmch  an  eiplwSive  charge  of  given  aits 
is  a  serious  haxard  to  a  swimmer.  (OS  .00;  06.01;  06.04) 

19.  Research  and  development  on  methods  for  protection  of  swimmers 
against  blast  injury  are  urgently  needed.  (OS.  00) 

20.  Reliable  experimental  data  should  be  obtained  on  deterrent  and  lethal 
distances  from  explosive  chargee  of  different  else.  Until  more  eu'h  data  are 
available,  calculations  for  safe  distances  from  known  charges  should  be  considered 
tentative.  (OS. 00) 


Suita 

21.  None  of  the  existing  suits  In  use  or  In  tha  process  of  development  appxarn 
to  be  completely  satisfactory  for  protection  against  cold  watsr.  The  "wst"  suit 
offers  great  promise  for  development  into  a  satisfactory  cold  watar  suit.  (06. 02; 
06.0);  06.04) 

22.  Study  of  optimumCeetgn  an)  materials  for  "wet"  auits  should  be  under¬ 
taken.  The  only  work  done  with  "wet"  suits  under  the  cognisance  of  the  Tanel 
has  been  to  confirm  the  principle  of  the  suit.  The  problem  of  designing  a  "wet" 
suit  must  thus  start  approximately  from  scratch.  Certain  features  of  the  experi¬ 
mental  suits  may  be  useful  la  designing  an  operational  garment:  1)  the  extensive 
use  of  (nob- watertight)  aippere.  laces,  or  snaps,  to  produce  a  snug  fitting  suit 
which  can  be  domed  by  the  individual  swtmmar;  and  2)  tha  use  of  a  tough  loamad 
neoprene,  with  a  strong  mash  which  allows  tbs  suit  to  stretch  in  all  directions 
usd  yet  in  rigid  enough  to  prevent  excessive  buoyancy  change.  (06. 0);  C6. 04) 

2).  i 'development  of  Improved  designs  for  dry  Suita  should  be  continued: 

1)  the  fit  at  current  Issue  U.  S.  N.  two-alpper  -utta  needs  to  be  revised  with  res¬ 
pect  to  such  things  as  culf  and  thigh  sis*,  tipper  length,  fit  around  fact,  and  num¬ 
ber  at  suit  atsea  avallabls;  2)  efforts  to  improve  t'.e  watertightnesa  of  tippera  should 
be  encouraged;  ))  until  watertight  tippers  can  be  guararteed,  a  dry  suit  without 
itppera  such  as  the  Pirelli  or  Dumas  should  be  used;  4)  the  possibility  of  avoiding 
suit  tqueete  in.  deep  ope  redoes  should  he  appraised.  The  Cousteau  suit  with  auto¬ 
matic  internal  pressuruatioo  may  have  useful  features  la  this  rega,<J;  and  »)  the 
Dumaa  French  eutta  are  reccmmeuded  as  a  guide  tow-rd  th»  dr  eiopment  at  an 
efficient  dry  autt.  (06.02) 

24.  Investigation  ah-Mld  be  continued  on  the  physiological  and  humvn 
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engineering  aspects  of  protective  clothing  end  related  subjects.  (c'>  33) 

Self  Contained  Underwater  Breathing  Apparatus 

25.  No  present  type  at  SCUT? A  Is  adeq.i.e  for  ail  types  of  underwater  opera¬ 
tion.  Fundamental  research  In  the  physiology  of  breath  Inf  under  pressure,  and 
development  of  improved  equipment  with  wider  flexibility  and  j  eater  endurance 
is  needed.  (07. 0«;  0T.04) 

24.  Open  circuit,  closed  circuit  and  aemi-closed  circuit  types  of  SCUBA 
esch  have  distinct  advantages  and  diaadvantafta .  Each  type  ia  best  adeptsd  to 
aid  in  accomplishing  certain  underwater  swimmer's  missions,  and  the  decision 
as  to  which  should  be  employed  must  usually  rest  on  tbs  Field  Commander,  based 
on  actual  operational  possibilities.  (07. 03) 

27.  Maximum  security  and/or  the  need  for  continuous  underwater  operation 
over  a  relatively  long  period  will  in  many  cases  require  that  a  closed  or  semi- 
dosed  circuit  type  SCUBA  be  employed.  But  for  many  operations  requiring  use 
of  SCUBA,  the  simpler  open  circuit  equipment  can  be  employed.  (07.  OS) 

25.  Efforts  should  be  directed  toward  Intensified  study  sod  development  of 
carbon  dioxide  absorbent  materials,  aid  of  substancss  which  both  absorb  carbon 
dioxide  and  release  oxygen  (e.  g. ,  high  oxides  of  potassium  and  the  chelates)  for 
use  in  cloned  circuit  oxygen  and  mixed  gen  SCUBA .  Correlation  at  research  now 
In  progress  by  government  and  clviliar  agencies  to  determine  applicability  to 
SCUBA  should  be  continued.  (07. 07} 

29.  There  should  be  continuants  of  development  of  SCUBA  fmm  operational, 
safety  and  physiological  viewpoints,  aiming  at  increased  security,  work  capacity 
and  submerged  operating  time  of  the  equipment  commensurate  with  man's  bodily 
endurance  and  ability  to  do  useful  work.  Improvement  at  open  circuit,  closed  cir¬ 
cuit  and  seml-cloeed  circuit  apparatus  to  achieru:  i)  lower  b reacting  resistance; 

2)  Increased  gas  economy  ( in  open  and  secl-clos  td  circuit  types),  3)  more  effective 
carbon  dioxide  absorption  (la  dosed  and  .ami- closed  types);  4)  streanuine  form; 

3)  simp*—  *y  and  rellublltty  at  operation;  4)  simplicity  of  maintenance;  7)  maximum 
field  of  vision;  •)  minimum  magnetic  signature;  and  9)  minimum  sound  output  and 
scho  target  strength.  (03.00;  04.03;  07.071 

30.  Coon  pet  it  ion  In  SCUBA  develupment  and  production  Is  constantly  grow¬ 
ing.  stimulated  by  Increasing  military  rwqulremsota  and  public  Interest.  Thin 
healthy  commercial  situation  should  bring  more  and  better  models  into  existence, 
provide  new  principles  at  ope  ration  and  Insure  safer  and  easier  operation.  (07. 04) 

31.  Investigation  at  the  feasibility  at  a  safe  closed  elreut  mixed  gee  SCUBA 
should  be  continued.  (07.04) 

32.  Continued  study  is  required  at  nuantttst.-'e  laboratory  cad  field  aethods 
of  testing  breathing  apparatus  with  the  purpose  at  improving  validity  «<•;  teste  end 
obtaining  haelc  information  at  value  In  improving  -*«tifn.  i0?  07) 
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13.  Factor*  responsible  for  resistance  to  reaplratton  In  SCUD.'.  and  mean* 
of  minimising  them  should  continue  to  oe  studied.  (03.01;  07.07) 

Communications 


-1 


1 


34.  A  satisfactory  means  of  underwater  sounu  communications  among 
swimmers,  submarines  and  large  surface  craft  utilising  underwater  sound  ha. 
been  developed  and  la  believed  ready  for  naval  procurement.  Underwater  sound 
communications  equipment  for  use  between  swimmers  and  small  surface  croft  la 
about  to  be  evaluated  and  should  be  ready  lor  procurement  shortly  'While  this  is 
a  big  advance,  underwater  sound  is  not  necessarily  secure,  so  efforts  must  con¬ 
tinue  toward  developing  s  secure  underwater  communication  (and  navigation)  syatsm. 
(04.00;  16. 00) 

33.  Underwater  Electric  Potential  (UEP)  and  direct  wire  methods  should  be 
further  Investigated  aa  alternate  means  of  underwater  communications  because  of 
their  greater  security  as  compared  to  sonar.  (04,00;  14.  00) 

Navigation 

34.  Electronic  aids  to  navigation  may  prove  useful  In  types  at  swimmer 
operations  where  secrecy  Is  not  pur  amount,  or  where  a  calculated  risk  of  detec¬ 
tion  can  bo  taken.  (04.00) 


37.  Promising  results  have  been  obtained  In  preliminary  trials  at  both 
guidance  beams  and  two-way  communication  systems  (or  underwater  navigation 
aa  well  as  with  Infrared  equipment  for  use  above  water.  (04. 00) 

34.  Becrise  use  of  electronic  aids  to  navigation  will  inevitably  diminish 
the  secrecy  with  which  underwater  operations  can  bo  craductad,  further  develop¬ 
ment  should  be  guided  by  an  operational  analysis  of  the  navigational  and  other  re¬ 
quirements  at  the  several  applications  at  swtnuners.  (04.00) 

34.  The  difficulties  at  underwater  navigation  resulting  from  the  absence  of 
land  marks,  the  short  range  of  visibility  and  us  marked  effect  of  currents  oc.  the 
p-Mtttan  of  a  slow  moving  object  may  well  prove  to  be  the  limiting  factor  in  under¬ 
water  swimmer  operations.  Unique  and  ingenious  methods  at  what  might  be  called 
"passive''  navigation  are  therefore  required.  (04. 00) 

Underwater  Photography  and  Television 

40.  Underwater  cameras  and  accessory  tqu  pmtn  era  not  readily  available 
in  this  country  for  scientific  or  military  us*  by  underwater  swimmers  and  those 
units  that  are  available  are  very  expensive  (10. 03* 


41.  Equipment  which  is  available  in  most  cssss  has  been  designed  for  other 
types  of  diving  and  is  not.  In  general,  applicable  fo.  -,  at  tonal  us*  by  underwater 
swimmer*  (10.03  ) 
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42.  Exchange  at  Information  with  Fr*nch  and  other  foreign  'tr.de rwater 
swimmers  and  pbotographara  aho^d  greatly  aid  development  of  adequate  United 
Stataa  photographic  equipment  for  military  and  aciantiflc  uaea.  (10.01) 

*3.  Underwater  television  equipment  manipulated  by  awimmera  ahould 
prove  uaoful  for  Identification  of  mine  a  and  other  aufamerged  objects,  for  aalvage 
operations  and  for  lnepectiaa  at  underwater  atructure.  The  poaatbilltlea  of  elec¬ 
tronically  enhancing  contract  auggeat  that  underwater  talevleion  may  be  made  mote 
effective  then  the  human  aye  ad  a  me  ana  of  teeing  underwater.  ( 10. 04) 

Shlpe,  Boatt,  and  Craft 

44.  The  limited  range  of  unassisted  awimmera,  particularly  If  they  must 
carry  equipment  or  explosives,  make*  It  *  tcaaaary  to  traneport  them  aa  near  to 
the  objective  aa  poeatblo.  (11.01) 

40.  For  present  surface  UDT  operations  where  one  or  two  teams  of  1 1) 
officers  end  men  each  are  employed,  a  somewhat  larger  and  better  fitted  surface 
ship  than  the  APD  would  be  desirable.  (11.02) 

44.  A  batter  small  surface  craft  than  the  LCP(R)  la  alao  required.  It 
ahould  have  I J- -20  knot  apeed.  low  silhouette,  minimum  bow  wave  and  other  features 
dealgped  to  meet  the  specific  needs  of  Underwater  Demolition  Team  swimmers. 
Development  of  lighter  and  more  easily  handled  rubber  rafts  should  alao  be  con¬ 
tinued.  (11.03) 

4f .  Whenever  It  la  necessary  to  operate  user  an  snair.y  held  snore  in  as 
complete  secrecy  aa  pus  sib  la.  the  approach  to  the  objective  must  be  made  under 
water.  The  first  part  of  the  approach  can  be  made  la  e  fleet  type  submarine,  but 
for  the  final  approach,  a  small  aubmeraible  to  ba  carried  and  launched  by  the  sub¬ 
marine  is  needed.  For  these  submerged  operations  certain  modifications  at  fleet 
type  submarines  are  desirable  to  facilitate  agrees  and  re-entry  at  swimmers  and 
far  stowage  end  launrhtng  at  email  submerstblee.  (11.02) 


44.  The  desirable  characteristic  of  small  underwater  craft  for  underwater 
swimmers  depend  an  the  kinds  of  work  the  men  are  expected  to  do  and  the  nature 
of  the  mother  ship.  In  general,  (ha  boats  should  bo  quiet,  have  low  sonar  target 
strength  and  magnetic  algo  mure,  ba  as  nearly  Invisible  as  possible,  end  haw  ade¬ 
quate  storage  space,  speed,  enterance,  ana  seaworthiness.  (11.04) 

44  Opan  and  closed  cockpit,  small  subrtertiblea  each  have  advantages  end 
disadvantages  which  fit  them  for  different  types  of  underwater  missions.  Models 
at  both  open  and  closed  cockpit  email  submsrsiulae  ahould  be  designed  ama  built 
for  experimental  use  by  United  States  underwater  swimmers,  L-  order  to  fully 
develop  the  operational  possibilities  and  require  manta  of  these  croft.  Because  of 
the  email  number  at  men  who  can  be  traneportc small  aubmeraible,  the  gen¬ 
eral  uee  of  these  creft  may  markedly  alter  the  doett  >v  end  tactics  of  ItDT'a.  (II  04) 


'>0.  In  the  design  of  small  submerslbles,  pr  ■blame  of  stowage  end  launching 
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froir  a  moving  submarine  must  be  takes  Into  account  aa  well  aa  the  net  ft  far  ade¬ 
quate  a  peed  to  overcome  currents  and  to  allow  evasive  tactics,  endurance,  ease 
of  egress  sou  re-entry,  safety  and  comfort  of  the  crew,  and  minimum  detectability. 
(11.04) 

SI  Man's  efficiency  cs  a  swimmer  Is  very  low;  that  Is,  only  a  smell  part 
of  the  energy  he  »*penda  In  swimming  is  effective  for  propulsion.  An  "underwater 
bicycle"  is  needed  which  would  either  be  mechanically  powered  or  would  link  the 
Swimmer'*  mu«cles  to  the  water  In  a  more  efficient  manner.  Development  of  means 
of  propulsion  for  Individual  underwater  swimmer*  should  be  vigorously  pursued. 

(03.  C4;  11.03) 


Underwater  Object  Location 

32.  In  the  development  of  mine  hunting  equipment,  advantage  should  be 
taken  of  the  ability  at  underwater  swimmers  to  carry  and  direct  detecting  and 
Identifying  devices  does  to  mines  and  other  obstacles.  (12. 00) 


S3.  Buoys  are  an  Import  am  Mass  of  an  underwater  swimmer’s  equipment 
because  they  translate  hla  detailed  knowledge  of  underwater  conditions  into  terms 
suitable  for  surface  forces.  It  la  conceivable  that  tbs  success  of  a  large  operation 
might  hinge  on  the  successful  use  at  buoys  by  underwater  swimmers.  Present 
simple  buoys  for  daytime  use  are  reasonably  satisfactory  but  there  Is  need  for 
lighted,  depth-taking,  time-delay,  "comples"  buoys  and  their  associated  anchors. 
(13.00) 

34.  Development  at  camples  buoys,  preferebly  tailor-made  for  specific 
types  at  operations,  should  be  continued.  Use  at  new  materials  such  as  plastic 
foam,  self-sealing  bags,  waahtub  concrete,  honeycomb,  reflector  surf  area,  fluo- 
rescen.  palm  and  nylon  lias,  etc. ,  should  bo  investigated  ui  this  development. 
(13.00) 


gvmoUtlon  and  Onbiancs  Equipment 

33.  Demolition  esplosivea  for  UDT  use  under  current  doctrine  are  satis¬ 
factory  and  means  at  submerged  towing  <rf  tapir- tve  chargee  are  under  test.  (14.  30) 

3*.  World  War  □  U.  3.  and  foreign  limpet  and  ansak  attack  ordnance  designs 
•  re  available  As  sneak  attack  and  aidlshlpplng  te  hntquss  are  developed  it  w'll 
be  necessary  to  concurrently  develop  thi  required  demolition  and  ordnaocs  equip¬ 
ment  (01.00;  14.00) 


Miscellaneous  Equipment 

37  Face  masts,  life  preservers,  swim  fine  lie;-'*  gauges  and  ant  •••  ww 
i**d  by  unucrwfc'.vr  t.r  Oecumuig  .vuk.uule  lo  mrir.,  are  rcaso'.aMy 

aatlafactory.  Some  Lmprovemtn.4  or  changes  may  be  Icslrohle  The  field  of 
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vision  through  masks  needs  to  be  widened;  life  preservers  might  profitably  be 
‘integrated  with  SCUBA,  awur  fins  with  soft,  pli.'olr  rubber  around  the  foot,  be¬ 
coming  less  compliant  toward  the  tip,  might  result  In  increased  swimming  eff.ciency. 
The  depLi  range  and  night  readability  of  depth  gauges  could  be  unproved;  and 
a  new  knife  now  In  the  preliminary  design  it’<~  aonesrs  superior  to  the  type  cur¬ 
rently  used.  (IS. 01;  IS. Of;  IS. 04;  IS. 06;  IS  07) 

S3.  Watches,  cent  passes,  and  bottom  surveying  equipment  need  co-islderabl~ 
improvement.  Most  present  swimmer  watches  leak  when  subjected  to  hydrostatic 
pressure.  (IS. OS;  IS. OS;  IS. 00) 

59.  A  small,  sturdy,  luminous -dial  compass,  operable  to  depths  up  to 
200  feet  and  when  Inclined  as  much  as  10*.  and  rigidly  attachsd  to  ths  swimmer's 
fscs  mask  where  he  can  watch  it  continuously  when  necessary,  is  nteded  to  aid 
swimmer  irrigation.  (IS. OS) 
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60.  Development  of  aelf-rccordlng  devlcea  for  measuring  bottom  depth  and 
distances  would  Increase  the  speed  :'hd  accuracy  of  swimmer  reconnaissance . 

(  S.00) 


61.  Both  mechanical  and  acoustic  msthods  of  automatic  bottom  survey¬ 
ing  should  be  Investigated.  (IS. 00) 

•4.  Underwater  swimmers  change  depth  frequently  and  unexpectedly.  An 
"analog  computer"  type  d  depth  gauge  which  would  simulate  the  interchange  of  inert 
(ases  between  the  blood  and  the  tissues  might  greatly  eld  in  controlling  uecom- 
p  re  as  ion  to  avoid  the  damage  of  bends  and  ailow  maximum  time  submerged.  Re¬ 
search  and  development  trading  to  in  analog  computer  type  of  depth  gauge  should 
be  Initiated.  (IS. 07) 

6).  Development  at  devices  for  measuring  beach  trafficabUtty  Is  not  war¬ 
ranted  because  the  sampling  errors  wuuid  he  too  large.  Instead.  UDT’s  should 
ret «;ve  more  training  In  estimating  beach  trsfflcsbUlty.  (04.  Of;  IS.  09) 

Countermeasures 

64.  Countermeasures  against  unde  -water  swimmers  have  been  practiced 
In  simple  form  but  U.  b.  forces  do  not  have  available  ths  knowlsdgs  to  mount 
a  round-the-clock  defense  at  harbors  and  sr.-hored  fleet  elemeids  against  a 
group  of  determined  swimmers.  Ths  reed  estate  for  Intensified  systematic 
research  and  development  In  Ui'e  field. 
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0J.00  PHYSIOLOGICAL  PROBLEMS 

Unlrrxtfi  swimming  and  diving  with  Mil  contained  underwater  breathing 
apparatus  (SOi.UA)  la  subject  to  certain  phyaiological  limitations  which  vary  in 
relative  im.-ortanc*  in  different  diving  teaka  and  ••rhniquea.  Moat  of  theae  limita- 
ttona  are  predictable  and  therefore  avoidable  when  eatabliahed  reatrictiona  are 
adhered  to,  aud  when  diving  education  and  training  are  adequate  Under  theae  con* 
dttiooa.  underwater  swimming  la  a  relatively  eafe  operation.  Thla  ia  indicated 
by  the  rartt.  of  aerloua  accldenta  in  UDT  training  programa  and  operational  mia- 
atona  during  and  aince  World  War  II. 

The  major  problema  of  aelf  contained  diving  are  eeeenttally  timilar  to  thoae 
of  deep  aea  diving.  They  are  related  to  the  phyaical  effecte  of  expoeure  to  great 
changea  In  hydros  at ic  preaaure,  or  to  the  phyaiological  effecta  of  reeplratory 
gaaea  under  lncrea'ed  partial  preaaure  and  will  be  dlacuaaed  under  theae  headlnga. 
Another  claae  of  dlfflcultlea  be  are  no  diatinct  relation  to  diving  depth  red  will  be  dia- 
cuaaed  separately.  Conaidered  In  thla  category  are  troublea  due  to  equipment 
failure,  ei  e  ure  to  low  or  high  water  temperaturee,  phyaical  exhauatlon  and  dan- 
gere  introduced  by  irrrtne  Ufa. 

OS.  01  Preaaure  Effecta 

Squeeae  »  Squeeae  may  otcut  if  a  faw  a  Imp  la  precaution#  are  not  obaervad 
during  daacant  It  a  due  to  the  effect  at  increaalng  external  preaaure  upon  the  aara 
and  slnueea,  tfc .  face  plate  or  tna  awlm  autt  uncomponsatad  by  an  equal  increaac 
in  pressure  fia.ru  wk:  .in.  The  Incidence  of  squeeae  la  low.  It  la  recognised  by 
beginning  |  ■In  in  the  ears  and  sinus  areas,  or  by  a  feeling  of  tightnaea  within  tha 
face  cower-  ag,  usually  within  C.e  first  f'w  feat  of  daacant.  This  preaaure  •liffcrmtlal 
decrease#  with  increased  depth.  Face  aquea  as  can  easily  be  prevented  by  exhaling  in. 
to  tha  race  plate.  Equalisation  at  tha  Internal  ear  preaaure  can  be  accomplished  In 
several  ways.  Tha  moat  effective  method  la  to  close  the  nose  and  mouth  and  force 
air  into  tha  back  of  the  throat.  Deliberate  yawning  may  help  if  mouth  place  la  not 
being  used.  Preliminary  Inflation  of  tha  aara  just  before  entering  the  water  is  very 
helpful  and  should  be  practiced  routinely.  The  swimmer  with  an  acute  head  cold  or 
•*”oat  Infection  should  not  enter  the  water.  If  pain  does  occur  at  any  depth  the 
swimmer  mould  ascend  a  faw  fast  before  again  trying  to  readjust  the  Internal  pres¬ 
sure. 


Serious  consequences  at  equates  are  ualll.aty.  Nosebleed,  hemorrhage  in 
the  conjuiactivs,  sinuses  or  middle  ear,  and  ruptured  eardrums  cwn  occur  If  tha 
symptoms  are  ignored  and  subsequent  complications  usually  prevent  swimming 
for  a  sreeh  or  two. 


Aeiuan.bollan-..  If  a  man  hold*  his  breath  during  aerent  the  atr  In  his  lungs 
rapi  ly  expunge  and,  by  ove  rile  tension,  may  tear  the  lung  tissues  avowing  all 


•  This  term  ia  deliberately  employed  in  a  wider  as;  <e  ui  usual  to  cover  all  • 
stances  of  uncomponsatad  praaauia. 
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to  be  forced  into  hie  pulmonary  jlood  veeeele.  Thle  injury  cun  ccr  ir  on  aecent 
irom  even  shallow  depths.  The  uicldspce  is  very  low,  particularly  among  well 
trained  and  experienced  swimmers.  In  the  extensive  open  sea  self  contained 
diving  since  World  War  ll.no  caeca  of  aeroembolism  are  known  to  have  oecured. 

It  can  almost  always  be  prevented  i>  mainta...'^  relaxed  respiration  upon  ascent  and 
avoiding  breath  holding.  Because  the  disorder  forces  sir  bubbles  Into  the  blood 
stream  it  may  bo  serious,  resulting  in  convulsions,  pain,  paralysis,  reflex  spasms, 
or  even  death.  Treatment  involves  immediate  recompression  in  a  pressure  chair.ugi’. 
Relief  of  symptoms  is  to  be  expected,  if  the  duration  and  severity  af  symptoms  is  <u* 
great. 


03. 02  Effects  of  Breathing  Respiratory  Cases  Under  Increased  Pressure 

Narcosis.  Like  most  inert  gases,  nitrogen  in  sir  or  N  •  O  mixtures 
breathed  at  high  ambient  pressure  can  decrease  mental  clarify,  impair  Judgment 
and  produce  poor  muscle  coordination  in  a  manner  aim  Liar  to  that  found  in  alcohol 
Intoxication.  The  narcotic  cffact  Is  related  to  the  partial  pressure  of  inspired 
nitrogen;  it  la  tha refora  a  function  of  depth  of  diving  end  the  percentage  of  nitrogen 
in  the  respired  gas.  Nit  rage  a  narcosis  is  not  in  itself  harmful,  but  when  air 
<•0%  nitrogen)  is  breathed  (as  in  opan  circuit  equip  me  nit  at  depths  below  about 
SO-SO  fact  tha  reo”lting  imp- 1  red  judgment  and  incoordination  begins  to  interfere 
with  performance  and  predispose  to  accident.  The  narcotic  effects  increase  pro¬ 
gressively  with  depth  until  at  shout  ISO- 100  fast  even  routine  taaka  become  ex¬ 
tremely  difficult.  Aa  is  tha  drinking  of  alcohol,  personality,  motivation,  and 
training  in  a  apaclfic  tank  account  for  the  different  reactions  among  different  ..ten. 

In  orthndaw  daap  aea  diving  narcosis  cu  be  reduced  by  ■  absolution  of 
helium  for  nitrogen.  Unfortunately,  on  daap  divas  of  abort  duration,  typical  ef 
underwater  swimming,  the  use  of  helium  in  piece  of  nitrogen  increases  the  decom¬ 
pression  time  required  to  avoid  beads. 

Decompression  sickness  or  bends  D-aaolved  nitrogen  in  tbs  blood  and 
tie  ease  Is  only  slowly  gained  or  lost  by  the  body,  and  ltti.de  to  remain  la  solution 
except  daring  rapid  changes  from  greets,  to  laesar  pressures.  Tha  tLa solved 
ahragea  will  earns  out  of  solution  and  form  bubbles  in  the  blood  and  other  tissues 
la  tLe  earns  way  that  bubbles  are  formed  Is  carbonated  beverages  whan  they  are 
decamp  reseed  by  removal  of  tha  cork.  Nitrogen  which  comae  out  of  solution  under 
these  conditions  may  form  sufficiently  large  and  numerous  bubbles  to  cause  obetrus  - 
tioa  to  blood  flow  In  small  vessels,  palufui  distention  of  tendons.  Joint  tissues, 
muscles,  old  scare,  fractures,  etc.  If  the  ascent  is  sufficiently  slow  tbs  excess 
attrogsn  will  be  harmlessly  eliminated  by  tha  lunge  and  bends  will  not  occur.  For 
each  depth  down  to  110  feet  there  la  s  diving  duration  whlcK  can  be  accomplished 
without  need  for  decompression  other  then  that  accomplished  by  normal  .scent 
rets.  The  danger  of  bends  during  decompression  is  increased  by  exposure  to  greater 
depths,  by  exposure  over  longer  periods  of  time,  and  by  too  rapid  ascent.  There 
is  little  tendency  for  bonds  on  dives  less  than  <  —  «.  even  while  breathing  sir; 

If  dee^r  diving  la  to  be  performed  using  sir,  a  tv.,  and  ragulated  ascent  nuat  be 
curried  out.  This  required  'he  swimmer  to  have  »  portable  gas  supply  which  will 
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provide  not  only  fur  the  period  of  wc-k  at  depth,  but  algo  for  the  p.» riod  of  alow 
ricc-rr  prctaion  as  he  rttumi  to  ‘he  eurfacr.  Navy  decompression  taoiea  should 
be  strictly  observed  ui  regulating  decompreaaion.  (  4  j  Pain  evoked  by  too  rapid 
accent  can  be  eliminated  by  redeacent  or  recompresaion  m  a  chamber  if  available. 
Thia  increase  in  preaa- 


ure  will  force  the  bub¬ 
bles  back  into  solution. 

If  there  sre  no  lasting 
effects  caused  by  the  pre¬ 
vious  existence  of  the 
bubbles,  and  if  subse¬ 
quent  return  to  the  sur¬ 
face  is  graded  properly 
recovery  will  be  immed¬ 
iate  and  complete.  It  is 
interesting  to  note  that 
the  French  have  develop¬ 
ed  special  underwater 
swimmer  decompression 
tables,  characterised 
mainly  by  "factors"  for 
repetitive  dives  on  the 
same  day.  [  •  ]  The  valid¬ 
ity  at  these  has  not  yet 
been  checked  in  this 
country  but  perhaps  they 
might  servo  as  a  stalling 
point  fer  extension  or 
specialization  at  Standard 
Tables  to  fit  the  special¬ 
ised  requirements  of 
underwater  swimmers 

An  extension  of 
diving  depth  and/or  dur¬ 
ation  beyond  that  feasible 
with  air  cos  be  accom¬ 
plished  by  the  use  of  other 
gas  mixtures,  in  which  the 
percentage  of  nitrogen  it 
lower  than  la  air  to  dilate 


the  nitrogen  Inhaled.  Fig.  |  Field  research  on  problems  of  underwater 

Much  research  is  needed  swimmers  is  so  uitgl amorous  pursuit, 

along  these  lines 


Oxygen  toxicity.  Pure  oxygen  cannot  be  branded  lndefii  .tly  at  pressures 
greater  than  atmospheric.  Following  a  aafe  perio-l  el.  .h  becomes  shorter  as  div¬ 
ing  depth  increases,  symptom*  of  oxygen  toxK-itv  c.cu> .  These  Include  '-volr.dary 
fine  twitches  around  the  oyee  and  mouth  that  lator  extend  to  Include  large!  muecle 
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groups  inc'uding  the  diaphragm,  causing  xbruptncas  of  tnspir.tion  Aiuciety,  and 
apprehension  may  occur  and  aorr '  times  loss  of  lateral  visual  fields  and  ringing 
In  ears  These  preliminary  symptoms  are  followed  by  general  convulsions  and 
unconsciousness  These  can  be  avoided  by  not  exceeding  the  safe  depth-time 
relationships  for  pure  oxygen  brt.t'hmg.  TT.  cnaet  of  oxygen  poisoning  ca.i 
usually  be  arrested  by  inhaling  a  few  breaths  of  s  gas  mixture  with  s  high  pro¬ 
portion  of  nitrogen  or  ocher  inert  gas.  Hermans  ’  after  effects  from  oxygen  oot- 
soning  do  not  appear  to  occur,  even  after  repeated  exposures.  This  of  course 
does  not  alter  the  risk  for  the  underwater  swimmer  at  depths  great  enough  to  pro¬ 
duce  toxtctty. 

The  basic  physiological  mechanism  of  oxygen  poisoning  and  the  effects  of 
oxygen  at  depths  from  IS  to  60  fast,  sad  grsattr,  are  subjects  that  require  much 
more  study,  since  oxygen  poieoning  is  the  major  factor  limiting  diving  depth  and 
duration  with  mixed  gae  se  well  ee  pure  oxygen  apparatue. 


91.01  Equipment  Failure 

Respiratory  blockage.  The  most  obvious  problem  is  severe  interference 
wtth  breathing  from  many  factors.  H  should  not  occur  in  properly  designed 
apparatue  If  the  twimmer  la  completely  familiar  with  the  equipment  and  does 
not  panic,  he  will  usually  have  time  to  Initiate  remedial  measures  or  to  surface 
If  necessary 

Carbon  dioxide  excess,  CO,  excess  la  a  possibility  wherever  earoon  •'•-xidc 
absorbing  canisters  are  used  or  where,  because  apparatue  design  does  not  reduce 
apparatus  deeoapace.  some  carbon  dioxide  la  -a -inhaled  The  chief  symptoms, 
which  furnish  ample  warning  to  ti  alned  men,  are  increased  effort  of  breaming,  a 
sense  of  breathlessness  sad  headache  Unheeded  warning  may  reatut  in  exhalation 
and  u  nr  nnar  means  as  The  incidence  ie  low  Aaenmtng  that  the  design  if  tlie  •  oper¬ 
ate*  Is  adequate  for  the  purpose  for  which  it  la  used,  prevention  is  accomplished 
by  using  frees  soda  lime  with  each  dive,  correct  canister  loading,  and  car*  in 
keeping  the  soda  lime  dry. 

Anoxia.  Anoxia  can  occur  If  large  amounts  of  nitrogen  are  present  In  the 
rebreathing  bags  of  closed  or  semi-cloeed  circuit  rebreathing  apparatus  and  Uis 
nxygea  supply  falls  or  becomes  exhausted.  The  onset  of  anoxia  la  frsauemly  accom¬ 
panied  by  a  feeling  of  elation  and  well  being  which  is  so  deceiving  as  to  be  difficult 
to  recognise  even  by  experienced  swimmers.  The  man  usually  loses  consciousness 
without  warning  In  pure  oxygen  rebreething  unite,  this  ran  only  occur  through  an 
error  In  the  diver's  technique  (poor  nitrogen  elimination)  sad  should  bo  completely 
preventable  by  training  Where  nitrogen  is  intentionally  used  in  the  breathing  mix¬ 
ture,  anoxia  can  result  from  mechanics 1  failure  of  the  apparatus  or  exhaustion  of 
the  geo  supply. 


A  limiting  factor  in  th*  execution  oi  a  i.iiex<  m  will  frequently  *e  excessive 
tatigue  of  the  swimmer  rather  then  any  of  the  factors  mentioned  abo<-r.  A  man  cun 
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prod'ic*'  an  output  of  roughly  0.  J  to  0  6  horsepower  for  several  hour-,  providing 
that  h*  is  comfort  wily  warm,  does  not  attempt  work  beyond  his  ability,  — id  is  not 
handicapped  by  respiratory  fatigue  due  to  resistance  to  breathing,  f  actors  to  be 
borne  in  mind  when  analysing  the  causes  of  fatigue  in  awimmris  follow. 

Thermal  exhaustion.  The  underwater  swimmer  is  extremely  sensitive  to 
moderate  changea  in  water  temperature  In  both  directions  because  water  la  a 
much  better  heat  conductor  than  air.  At  present  there  is  no  equipment  to  protect 
a  man  against  moderately  warm  water.  Heat  prostration  mat  occur  during  exercise 
in  water  around  46*F.  and  at  rest  In  water  around  «6*F 

A  much  commoner  atreso  la  water  colder  than  6S*  to  72»F.  Many  types 
of  clothing  have  been  devised  to  protect  against  cold  water.  Unfortunately  most 
have  obvious  handicaps  auch  as  loss  of  protection  when  wet  inside,  limitation  of 
motion,  squeeta  and  chafing  at  depths,  marked  buoyancy  changea  at  depth  and 
lack  of  a  mechanism  to  rid  oneself  of  sweat  and  excreta.  It  would  seem  Imperative 
to  look  for  a  radical  change  in  thinking  about  «ult  material.  Recent  preliminary 
studlas  with  a  wet  foam  plastic  suit  are  meet  promising  and  encouraging.  (06.04) 
More  auch  studies  are  In  order. 

Work  exhaustion.  Often  a  man  may  naed  halp  slther  during  or  after  a  mis¬ 
sion  due  to  fatigue.  Examples  ere  inability  to  climb  Into  a  boat  or  raft,  to  enter 
a  submarine  iftir  a  mission  or  to  remain  afloat  when  surfaced.  This  suggests 
at  least  two  precautions:  1)  to  have  available  non- fatigued  associates  at  the  end 
of  a  mission  and  2)  to  have  available  an  easily  inflatable  bladder  or  life  Jacket  that 
will  keep  the  swimmer  comfortably  afloat  at  .-eat. 

Respiratory  exhaustion.  Resistance  to  underwater  breathing  has  foui  com¬ 
ponents:  1)  airway  resistance  caused  by  valves,  length  and  diameter  at  tub'ng,  and 
possibly  inertial  factors  due  to  the  density  of  the  Inspired  gaa  as  increased  depth; 

2)  hydrostatic  resistance  caused  by  the  difference  in  pressure  between  Uw  level 
at  the  swimmer's  center  of  breathing  (moot  commonly  believed  to  be  at  the  bottom 
at  his  throat)  and  the  level  of  the  Inlet  or  demand  valve;  ))  Inertial  resistance  In¬ 
troduced  by  the  Inertia  of  water  which  must  be  displaced  during  respiratory  move¬ 
ments  at  the  chest;  and  4)  miscellaneous  factors  such  as  the  resistance  of  breathing 
bug  fabric  to  Inflation  and  deflation. 

JJ.  OS  Miscellaneous  Problems 

5-  OUtls  externa.  Infections  of  the  external  ear  canal  may  occur.  The  Inci- 

r  dance  at  this  disorder  la  fairly  freqvsnt.  It  la  not  serious  hut  la  incapacitating 

because  the  swimmer  should  nut  put  hta  head  under*  star  until  the  Infection  is 
*  completely  healed.  A  few  drops  at  an  alcohol  solution  or  other  drying  agent  put  In 

the  ears  after  diving  will  help  dry  the  canals  and  prevent  Infection. 

Danger  from  marine  animals  The  underwater  swimmer  ipparen  ly  has  aa 
much  to  (aar  from  Invertebrate  anunela  such  ea  bar..  ,  coral,  Jatlyfisi  and  aaa 
urchins,  aa  from  vertebrate*  auch  aa  shark*,  barraruan*  and  seal,  although  M  >ray 
sell  will  bite  arvaiwly  1/ moleuted  (.id  rays  will  inflict  a  wound  If  stepped  up-.n.  The 
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Invertebrates  cause  lacerations  stings  and  punctures  when  the  swimmer  brushes 
against  them.  These  wounds  maw  become  infected  and  usually  pre»enl  swimming 
until  healed  The  incidence  la  low  if  proper  precautions  are  taken.  Except  perhapa 
for  a  very  large  jellyfish  these  Injuries  do  not  incapacitate  a  swimmer  but  a  large 
concentration  of  jellyfish  would  constitute  z  ••nous  operational  ha  card. 

Dangers  f -om  marine  flora.  The  swimmer  should  avoid  becoming  entang¬ 
led  In  kelp  or  eel  Kras  a.  Generally  the  swimmer  can  ‘‘ease"  his  way  out  of  kelp 
but  the  possibility  of  such  entanglement  serves  to  emphasise  the  need  to  carry  a 
knife  at  all  times  and  the  importance  of  the  butlJy  system  In  rendering  assistance 
to  the  victim. 

0).M  Avoidance  of  Underwater  Swimming  Hazards 

Insofar  as  human  factors  art  concerned,  the  beat  praeautloas  against  the 
dangers  involved  In  diving  ere:  proper  eelection  of  healthy,  educated,  intelligent 
man  at  stable  character,  proper  training  in  accordance  with  the  priadplee  oet 
forth  herein,  and  Intelligent  adherence  to  established  doctrine. 

OS.  OT  Conclusion#  and  Recommendations 

1 .  Continue  field  ana  laboratory  study  of  at^uftcant  physiological  aspects 
at  currently  conceived  underwater  swimming  activities  Those  should  include 
Investigation  at  work  rate,  work  efficiency,  oxygen  consumption  and  veatUatlon 
in  order  to  facilitate  design  and  evaluation  at  required  breathing  equipment. 

2.  Advance  and  expand  research  on  the  altered  dynamics  at  blood  circulation 
during  submergence,  particularly  as  this  applies  to  rapid  changes  is  attitude  under¬ 
water. 


1.  Initiate  stagy  of  physiological  offsets  of  prolonged  breathing  against  ab- 
— n  — »y  high  resistance,  both  inspiratory  and  expiratory. 

4.  Crmtlnae  stagy  at  the  iafluaaca  at  nitrogen  narcosis  an  buasan  performance 

I.  Ciedimn  laboratory  stadias  at  oxygen  breathing  in  man  elated  at  construct  - 
lag  useful  tables  relating  duration  at  oxygen  breathing  to  oxygen  tolerance  under  vatioi 
coart  ttl  me  of  depth,  work,  inspired  Inert  gases.  Inspired  carbon  H  inside.  tempo  rat -irt 
and  physical  condition. 


*.  Ci 


»  rasa  arch  in  Me  sip)  to  determine  basic  meel 


of  oxygen 


T.  Initiate  tarasttgattoo  of  Incidence  sad  time  nf  ones*  of  oxygrn  poisoning 
at  depths  lass  than  M  feat,  obtaining  specific  information  concerning  influence  c' 
email  amounts  of  carbon  dioxide,  exertion,  ans*'*y  cold  a.ul  other  significant 
factors.  Study  to  Include  significance  of  so- cui.ee  mild"  or  "womb*"  symptoms. 

I.  Inmate  or  continue  research  uo  specific  medical  problems  arising  in 
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underwater  swimming,  I  t.,  prevention  and  management  at  fungus  infection,  treat¬ 
ment  of  contact  with  harmful  animal  and  vegetable  life,  etc. 

9.  Initiate  study  at  decompression  problems  peculiar  to  underwater  swim¬ 
ming,  including  methods  at  applying  standard  decompression  tables  to  these  activi¬ 
ties,  which  often  involve  multiple  changes  m  depth  during  a  single  dive. 

04.00  SELECTION  AND  TRAINING 

04  01  Selection 

There  are  as  yet  no  generally  accepted  principles  to  govern  the  physical 
and  psychological  selection  at  underwater  swimmers.  Sines  swimming  demands 
a  continued  bodily  exertion  comparable  to  running,  it  is  obvious  that  a  candidate 
should  be  In  u  at-ite  of  general  good  health  and  be  In  prime  phveleal  condition. 

Any  history  or  evidence  on  complete  physical  examination  of  chronic  respiratory 
or  cardiovascular  disorder  should  disqualify  a  person  from  this  activity.  Middle 
ear  disease,  exaggerated  susceptibility  to  motion  sickness,  or  inability  to  clear 
the  ears  la  similarly  disqualifying  Exaggerated  vasomotor  response  to  cold,  or 
other  manlfeetatlon  of  unuaue1  eenattivity  to  cold  water  exposure  elao  ought  to  be 
eliminative.  Fear  of  the  water  excessive  fear  of  the  dark,  claustrophobia,  gen¬ 
eral  apprwhenslveneaa  or  excttabUUy,  foolhardiness,  or  a  tendency  to  take  .inc on- 
aids  red  risks  -  should  bar  a  mas  frna  underwater  swimming. 

At  present,  the  Navy  Urderweter  Demolition  Teams  accept  only  volunteer* 
and  consider  this  to  be  an  essential  factor  In  .heir  success.  UDT's  must  qualify 
In  the  standard  physical  examination  for  deep -sec  divers.  The  early  stages  of 
their  training  era  orgsaiaod  to  screen  out  those  men  who  era  unable  to  take  the 
rigors  of  difficult  operations.  The  UDT  volunteer  undergoes  a  "Hell  Week"  when 
he  in  awakened  at  odd  bourn,  takes  long,  forced  swims,  hikes  and  portages,  dur¬ 
ing  which  explosives  are  frequently  eat  off  nearby.  Au  candidates  for  UDT  era 
exposed  to  pressure  equivalent  to  e  depth  of  I  If  feet  of  water  la  a  recosnpraaaion 
chamber,  and  they  must  demonstrate  an  ability  to  equalise  tnelr  earn  to  this  pres¬ 
sure  change;  they  era  also  tasted  for  their  oxygen  tolerance,  fbr  which  purpose 
they  era  kept  at  rent  at  e  simulated  depth  at  *0  teat  for  10  miners  a  while  breathing 
a.  ,  gee  Because  the  UDT  men  may  be  called  upon  to  pe.form  solitary  and  diffi¬ 
cult  mlas loos  la  strange  waters,  the  UDT  epplicmt  should  have  a  mental  ability  at 
least  an  a  par  with  that  of  submarine  and  (Uv  lag  ps moans!. 

B  Is  the  experience  of  submarine  medical  officers  Chat  mea  with  low  alcohol 
tolerance,  or  email  mental  stature  era  s specially  susceptible  to  the  druakaness 
caused  by  high  pressure  nitrogen.  The  more  mature,  serious  minded  tndlv.dual 
We  to  overcome  the  ffeeta  of  nitrogen  under  high  pressure  by  determination  and 
will,  and  caa  perform  .jefui  work  el  greater  depths. 

Good  swimmers  learn  underwater  techniques  r.vMly  and  o~dmarily  have  a 
high  degree  of  confidence  la  the  water.  At  present  it  .  .  .  necessary  that  the 
uvierwater  swimmer  be  able  to  swim  long  distance*  Ret,  ‘.i.ements  demaiV  a a 
ability  to  swim  M0  yard*  In  lees  thi  n  IS  minutes  using  it  least  three  standard 
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lunice  swimming  strokes. 

04 , 02  Training 

7 ha  primary  training  object.-**  ir.  umicr  >a«er  swimming  la  to  provide  the 
awtmmar  with  tha  necessary  information,  skill  and  expsriance  to  anabla  him  to 
aparata  safely  and  efficiently  m  thia  new  and  unfamiliar  environment  to  which  ha 
is  not  naturally  adapted.  Only  after  ha  has  bean  thua  trained  can  one  profitably 
consider  his  further  training  for  tha  several  specific  missions  for  which  tha  under¬ 
water  swimmer  is  uniquely  qualified. 

Tha  would-be  underwater  man  must  first  fulfill  the  selection  requirements 
described  above.  After  it  has  been  determined  that  he  is  physically  and  mentally 
qualified  to  undertake  underwater  work  he  must  demonstrate  a  reasonable  awim¬ 
mlng  ability  and  begin  training  to  perfect  his  swimming  capacities.  It  is  suggested 
that  more  attention  be  paid  to  swimming  form,  synchronised  breathing,  and  per¬ 
fected  underwater  propulsion  techniques  with  an  emphasis  on  maximum  spaed  and 
endurance  In  the  water.  While  mastering  these  skills,  the  underwater  swimmer 
should  learn  the  essentials  of  diving  physiology.  Existing  documsnta  and  training 
films  are  adequate  for  teaching  the  essentials  to  futurs  deep  sea  divers  but  new 
material  should  be  prepared  to  meet  the  special  needs  of  the  free  swimming  under¬ 
water  man. 

The  swimmer  should  be  well  indoctrinated  in  the  use  of  the  face  mask,  fins, 
and  the  techniques  of  skin  diving.  Particular  attention  should  be  paid  to  tha  preven¬ 
tion  of  air  embolism,  how  to  "pop"  the  sera,  hyperventilation  and  breath-holding 
for  a  relatively  extended  period.  Having  demonstrated  confidence  and  ekill  in  the 
water,  toe  candidate  may  start  lea.nlng  the  uaa  of  SCUBA.  Ae  in  tha  beaic  steps, 
care  mist  be  taken  to  build  up  cord Ida  oca,  beginning  with  dry  drilla,  nine  in  tha 
comfort  end  safety  nf  the  swimming  pool,  and  than  in  calm,  clear,  opan  sea  areas, 
seforw  going  on  to  cold,  rough,  dark,  and  daep  advanced  operations.  The  swimmer 
should  receive  instruction  relating  to  safa  underwater  practices  at  tvary  stags 
in  his  training,  to  the  end  that  ha  succeeds  in  developing  an  ability  to  dominate 
emergencies  fay  habit. 

At  this  point  tha  trainee  can  ha  considered  an  underwater  swimmer  — 
but  what  are  the  qualifications  of  an  under*  star  swimmer?  As  yet  there  are  no 
formal  qualifications  tor  underwater  swimmers  that  are  comparable  to  the  deep 
sea  diver  ratings  of  second  cleee,  firet  *lu«,  and  mas  tar  diver.  It  is  recommend¬ 
ed  that  careful  study  be  given  the  scale  of  abilities  of  underwater  swimmers  with 
aim  la  mind  of  drawing  up  qualifications  for  different  levels  of  ability,  and  making 
suggest  ions  frr  requallflcattone  procedures.  Onre  an  underwater  swimmer  Is 
qualified,  he  can  then  be  trained  in  a  number  nf  other  skills  to  perform  many  under- 
water  missions  As  a  metier  uf  pi  seen!  pi  adits,  these  subjects  are  usually  taught 
concurrently.  It  la  emphasised  here  that  underwater  awtmmlag  composes  a  body 
of  knowledge  of  itself  and  that  performance  crl*»-  cut  rlcela,  training  materials 
and  the  like  are  needed  in  order  to  formalise  tmpr.  «ed  training  procedures 

Present  UDT  training  curricula  vary  among  tha  teams  and  a  vest  be*  ween 
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successive  classes.  Instructor  turnover  and  the  absence  of  standi. 'is  of  perform* 
nice  contribute  to  the  variations.  Tr.ere  la  aa  yet  no  established  pattern  for  the 
trailing  of  UDT's  In  the  additional  ak.il*  of  explosive  ordnance  disposal,  guerrilla 
operations,  etc.  Training  methods  and  organizations  differ  beteee.i  the  East  and 
West  Coast  UD  Teams.  West  Coast  underwater  demolition  men  receive  their  basic 
training  In  a  school  designed  for  the  put  pose  and  «. «  then  sent  to  the  teams  for 
advanced  and  on-ths-Joh  training.  On  the  East  Coast  the  entire  training  cf  the 
neophyte  la  accomplished  by  the  teams  themselves.  Of  ccurse  training  should  be 
continuous  throughout  the  man's  naval  career,  but  the  present  underwater  demoli¬ 
tion  man  spends  moat  of  his  tour  of  duty  in  training  before  he  is  considered  thor¬ 
oughly  qualified  for  surface  operational  missions.  This  Is  even  more  serious  in 
the  esse  of  eubmerged  operations  (SubCips)  personnel,  for  they  take  longer  to  train. 
World  War  U  experience  Indicate!  3-4  months  Is  required.  Training  facilities  vary, 
between  the  two  coasts.  West  Coast  teams  have  ussy  access  to  a  swimming  pool 
and  the  ocean  is  within  walking  dlatanca  of  their  headquarters,  but  they  must  put 
up  with  the  relatively  cool,  not  too  clear  waters  of  Southern  California:  The 
East  Coast  teams  need  auto  transportation  to  reach  sea  water  which  la  warm  in 
summer,  cold  in  winter,  and  always  somewhat  murky:  they  must  travel  to  a  nearby 
naval  Installation  for  scheduled  use  of  a  pool.  During  the  winter  season  their  ad¬ 
vanced  and  submerged  operations  training  la  conducted  in  St.  Thomas,  Virgin 
Islands,  where  the  warm,  clear,  calm  waters  provide  Ideal  trimming  conditions. 

UDT'S  send  men  to  Explosive  Ordnance  Disposal  and  Diving  Schools  for 
special  training:  conversely,  other  underwater  units  send  their  men  to  the  UDT'e 
for  underwater  swimming  training. 

Once  the  underwater  swimmer  is  trained  and  In  proper  physical  condition 
a  new  problem  at-leea  ••  how  to  maintain  Mm  In  good  physical  condition.  At  his 
horns  base,  the  problem  ie  relatively  simple  compered  to  that  existing  during  long 
periods  of  transport  In  submarines  or  surface  craft.  Mors  Information  Is  needed 
concerning  the  best  regime  of  exercises  to  maintain  good  swimming  condition  In  s 
restricted  and  cramped  environment. 

04.01  Suggested  Safety  Precautions 

Men,  properly  equipped  and  trained,  can  operate  efficiently  and  safely  la 
their  foreign  unde i water  environment  to  which  they  are  not  naturally  adapted  — 
but  In  order  to  do  so,  they  must  be  familiar  with  the  rules  imposed  on  them  by 
this  new  medium  and  by  thslr  own  physiological  and  psychological  limitations.  Ai 
with  training  curricula,  there  are  no  atandai  dlsed  safety  precautions  designed 
specifically  for  the  guidance  of  SCUBA  equipped  underwater  swimmers.  An  attempt 
to  fdrr’Ulate  ueh  rules  wee  made  by  the  Panel's  sd  hoc  Cooperative  Underwater 
Swimmers  Project  is  San  Diego  during  the  past  sumsier.  (  ?  ] 

While  not  carrying  the  full  endorsement  of  the  Panel,  these  rules  are  pre¬ 
sented  here  to  (tvs  the  reader  a  more  complete  understanding  of  some  of  the  primary 
aspects  of  underwater  swimming  and  of  ways  In  wh : -  .  me  of  the  dangers  Inherent 
In  underwater  swimming  can  be  minimized,  Perhsoe  u  -as  rules  wilt  seem  restric¬ 
tive  when  compared  to  the  explcl's  at  some  o'  the  expetis  in  underwater  twimmlng 
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Net  they  are  written  for  that  mythical  being,  the  average  swimmer.  For  conven¬ 
ience  they  ere  divided  Into  group*;  thoee  relating  *o  the  swtmme;  personally.  hie 
equipment,  the  art  of  swimming  underweter,  end  the  dive  or  operation. 

SUGGESTED  SAFETY  PRECAUTIONS* 
for  uae  with 

Self  Contained  Underweter  Breathing  Apparatus 
I.  The  Swimmer 

A.  Must  be  psychologically  and  physically  fit. 

1,  Must  pass  a  complete  physic:  1  exam  tuition  which  places  spec¬ 
ial  emphasis  on  the  heart,  lungs,  ears,  nose  and  throat.  A 
history  of  sinus  or  respiratory  ailments  should  almost  always 
dir  qualify  an  underwater  swimmer. 

1.  Muet  peer  periodic  (perhaps  semi-annual)  check  upe,  again  with 
particular  emphasis  on  the  heart  and  respiratory  ay  sterna. 

S.  Most  "feel  o  k.”  —  1. e. ,  must  not  dive,  nor  be  penalised  tor 
not  diving  wheel  seriously  desiring  not  to. 

4.  Must  not  dive  after  excessive  drinking  of  alcohol  until  well 
rested  and  111  effects  have  paeaed. 

5.  Shoal*  be  well  rested  (usually  •  hours  sleep  the  night  before 
v'tvwt  asu  when  possible,  should  be  permitted  to  t  jet  after  the 
dive. 

4.  It  Is  highly  desirable  that  the  diver  be  "la  shape".  Regular  ea- 
ereiees  of  running  and  skin  diving  have  been  found  to  be  good 
conditioners  tor  underwater  swimmers. 

T.  Must  like  to  dive.  Underwater  swimming  should  defiaiMy  be  a 
/otuadeer  activity.  A  ■eanonably  reliable  test  of  this  la  for  the 
new  sglmmer  to  dive  a  few  times  with  an  experienced  diver  who 
can  usually  tell  if  the  ei  imnter  is  enjoying  htmself  underwater 
or  whether  he  has  some  c.her  motivation  for  diving. 

B.  Muet  be  thorou^dy  qualified  before  being  permitted  to  dive.  Should  iu; 

I.  Trained  In  diving  physiology,  symptom's  of  diver's  mo’adles 
and  acquainted  with  the  use  of  decompression  tables. 
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il  CONFIDENT!.,;. 


UNDEKWATE  i  SWIMMERS 


2.  rnoruufftly  trained  In  the  us*  cf  hi*  specific  equipment  (Even 
the  experienced  diver  need*  tn  "check-out  ’  on  ■  new  device  be¬ 
fore  being  permitted  to  dive  with  It.; 

1.  T rained  in  ov*rcom...#  ^lergency  ..luatton*  running  out 

of  breathing  (an.  loea  of  buoyancy  control,  flooded  equipment, 
loea  of  een  j  of  direction,  entanglement  In  marine  growth  or 
underwater  object*,  etc. 

4.  Familiar  with  diving  tirnili. 

a.  Hand  algnala 

(1)  Vlaual 

(2)  Rape  pulla 

b.  Sound  struts 

H.  Swlmmer'e  Personal  Equipment 

t\.  Must  always  be  la  flrrt  cl'r..  or  1  rating  condition. 

1 .  Schedules  ah- old  be  set  p  for  inspection  o i 

a.  Regulators,  valves,  hnaes,  masks,  etc. 

b.  Cylinders,  c  son  lets  rs,  gauges,  etc. 

c.  Harnesses,  vests,  belts,  etc. 

2.  Swimmer  must  personally  cheth  operation  and  position  of  eup- 
ply  valves,  reserve  *upply  lines,  sod  operating  controls,  im¬ 
mediately  before  stirring  we.er. 

I.  Prior  to  entering  water,  swimmer  should  check  seal  at  mask, 
(by  inhaling) . 

4.  Swimmer  should  dstsrmlne  proper  additional  weight  required 
for  neinrai  buoyancy  when  -earing  apparatus. 

5.  All  equipment  should  be  washed  in  freeh  water  and  proparly 
stored  on  the  completion  of  the  dive. 

.  Li.  addition  to  the  SCUBA,  it  is  hl^ily  desirable  thnt  the  minimum  per¬ 
sonal  equipment  worn  by  the  ewlmmer  tr  '  *»■ 

I .  Swim  fins  M  cor  rect  site  (I  pair  fur  ai.U),  I  pair  for  eui  .>) 
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2 .  Balt  with  knit  \  (Not*:  ellp-hitchea  far  all  etrapal 

3.  Balt  and  weigh  te  for  buoyancy  control. 

4.  Wrlat  watch 

5.  Depth  (a Ufa 

6.  Expoeure  autt  la  watara  eoldar  than  40*P. 

7.  Retrieving  lanyard  on  faca  maak  (if  aaparata). 

C.  Tha  awlmmar  may  alao  dee  Ire  to  wear,  or  carry; 

1.  Compaaa 

2.  Plaatlc  alata  and  panel!  for  recording  lnatructlone  or  obeerva- 

tlona.  | 

3.  Special  equipment  for  tha  -a  la  a  ion,  much  aa  fuaa  pullara,  tools, 
ate. 

4.  Underwear  m  cool  water,  but  where  aa  expoeure  autt  la  not 
required. 

5.  Coral  ahowc  and  florae  whan  worhlnf  on  bottom  nr  whan  amerg- 
Ing  aa  ahora. 

4.  Waar  a  none  clip  but  not  recommended. 

D.  Tha  awlmmar  abnald  have  available  warm  dry  clothee  to  put  aa  after 
diva. 

S.  Tha  awlmmar  ahould  never; 

1.  Wear  ear  pluge 
I.  Waar  gogglee 

Of.  Cara  and  Loadlaf  « t  Cyliadara 

A.  Naaar  fill  cyliadara  bay  and  rated  preeaura. 

1.  Set  up  periodic  lojpecttoa  of  cyllndara  fnr  htilgra,  atrelne,  *tr 

2.  Naaar  put  Oj  la  air  SCUBA  -  hew  a  re  u'  oil  com  lag  ta  contact 
with  Oj  under  preeaura. 

i.  Periodically  Impact  compreaaora  and  flltyre  for  contamination 
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of  air  supply. 


4.  Stow  cylinders  so  as  to  avoid  possibility  of  falling,  or  receiv¬ 
ing  shocks  at  any  kind.  Same  for  cylinders  In  transit  or  use. 

B.  Always  uss  correct  sixe  wrenches  on  nil  fittings,  and  never  force  them. 

C.  Periodically  calibrate  gauges  used  for  pressure  measurements.  Avoid 
oil  la  oxygen  gauges. 


* 

I  \ 

u 


IV.  Undsrwster  Swimming 

A.  An  underwater  swimmer  should  never  swim  alone,  but  always  be  accom¬ 
panied  by  a  "buddy".  Buddies  must  have  confidence  in  each  other's 
ability. 

I.  Day  ••  visual  rangs.  (Note:  la  shallow  clear  water  the  buddy 
may  be  a  surface  swimmer,  nr  a  man  in  a  boat. ) 

l.  Night  ••  or  reduced  visibility  ••  use  a  buddy  line  It'  to  10'  long). 

B.  The  use  of  a  floatation  bag  and  lias  is  highly  desirable  where  it  will 
not  interfere  with  the  operation.  O sage roue  operations  may  even  re¬ 
quire  the  use  of  a  safety  Una. 

C.  Never  ditch  the  SCUBA  underwater  uniaea  alleles  falls.  If  u  should  fail,  afree 
ascent  maybe  made.  If  the  SCVBAiws  positive  buoyancy  (  aa  in  breathing  beg 
types)  keep  Hon,  cse  it  for  ■rapport  on  surface;  If  negative,  ditch  It. 

D.  Alwaya  heap  breathing  while  underwater,  particularly  on  ascent  when 
the  danger  at  air  embolism  estate.  Excessive  breath  hofa.'teg  can  also 
result  in  shortness  at  breath  and  eventually  headache  and  naunea  from 
COj  accumulation. 

I.  Thu  swimmer  should  adjust  buoyancy  to  slight  positive  when  fully  Inhaled. 
Since  gas  Is  last  In  open  circuit  apparatus  positive  buoyancy  Increases 
throughout  the  dive.  It  may  be  desirable  to  pick  up  a  few  rocks  from 
-be  bottom  to  maintain  optimum  buoyancy. 

/.  Swimmer's  rate  of  ascent  should  be  leisurely  and  never  forced. 

Thumb  Rule;  Never  pass  ; our  smell  bubbles  on  ascent. 

Q.  A  diver  must  know  how  much  breMhlng  gae  id  <n  his  9CUBA,  end  hie 
own  use-rate  at  the  depth  he  la  to  operate  A  margin  of  safety  ahou'd 
be  applied  la  calculating  the  limiting  tune  for  the  dive. 

H.  During  descent,  If  ears  do  not  equalise  •<  n  i  descent,  ascend  s  few 
feet  and  attemnt  to  clear  eustschtan  t  be  bln.  age.  If  the  ear;  -envoi 
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be  equalised,  the  dl-ar  should  not  continue  to  deacaod. 


!.  U nda  «Ui  maat  uniqua  situations  which  often  cannot 

ba  anticipated.  There  In  aa  cauaa  for  panic,  woan  c  oof  rooted  with  s 
new  situation,  or  dangar,  the  di»er  ahould  atop  and  think  bin  way  out 
o t  it,  for  bin  ianttnetn  are  not  always  reliable  in  tha  water  anetronmant. 

f.  Whan  a  awlaaar  laaaa  visual  contact  with  bin  awlm  buddy.  Untea  firm 
for  bin  breathing  no  lea,  than  a  Ignat  by  banging  on  bottiee.  or  piacen 
at  metal.  If  not  located  —  surface. 


X.  Before  detrending,  tha  ewtmmer  ahould  check  aU  bin  apparatua  whan 
immediately  below  tha  surface,  signal  hit  buddy,  and  if  necessary  •• 
watt  for  him  then  obtain  permission  of  the  surface  man  in  charge  of 
the  dtee  to  submerge. 


V.  Planning  and  Controlling  the  Underwater  Swim 

A.  Oan  supply .  decompression  time,  temperature,  and  fatigue  are  the  con¬ 
trolling  tr  torn  la  the  dive,  and  not  the  amount  of  work  to  be  done. 

B.  At  all  unaae  M  la  bi^Uy  dsairahla  to  haws  an  antra  “stand-by”  SCUHA 
•callable  am  the  eaifeee.  Whan  the  need  for  decompcweeioa  in  a  poa- 
■ibility  it  in  sued  story  te  have  aa  extra  unit  along  in  the  eseat  the 
•wimeaere  run  out  of  air  daring  decomp  rasa  ion. 

C. 


moot  he  familiar  with  the  decompression  tables,  and  be 
or  the  UmPatlnaa  ef  each  apec‘'lr  dire.  Whenever  poaa.1 
the  dtre  ahould  be  limited  so  aa  te  avoid  the  nooo  for  deiompraaaioo 
la  deep  dlvee  in  ceid  water  iantructione  ahould  ba  written  oa  the  swim¬ 
mer's  slate. 


the  serf  see  te 
a  ewtmmer 


a  SCUBA  Ida  ant 
i  tat* 


necessary,  aad  when  other  decomp  roe- 
a  woigMed  line  abeald  be  lowered  frot.r 

. - j  depth  for  Uw  swimmers.  In  the  eveot 

amataU  while  decompressing,  see* bar  umt  can 
or,  in  t  merganclaa  the  diver  can  surface,  gr.ib 
time  te  den  it.  or  dtlch  the  empty  one)  end  immedi 
ir  deuc^p  rasa  ion  depth. 


*.  A 


ad  men  ubeatd  ba  la  charge  at  the  dtvw  ea  the  surface  «od  ree¬ 
fer  the  aafety  «d  swlmmeie.  U  he  atgneie  the'ewuMiere  to 
they  maat  da  ea  immediately,  Hit  at  e  teeecaeble  rate  of  as- 

restrict  tone  If  applicable.  RcgrrJl... 


nprt 


Milan,  a  aubmargad  asianar  should  ran  be  la  charge 
a or  nUwwwd  te  di saber  ’*••  order  u  the  eaa  who  m. 
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04.  0<  Conclusions  and  Rscommendatloea 

1  There  exist*  no  formal  body  of  knowledge  on  the  art  of  underwater  swim¬ 
ming,  and  sL-.ndard*  of  performance  for  underwater  swimmers  are  unknown.  As 
a  result,  the  training  M  swimmers  varies  from  place  to  place  and  from  time  to 
time,  and  the  principles  of  selection  of  men  for  swimming  tasks  have  only  an  em¬ 
pirical  basts. 

I.  Performance  criteria  for  underwater  swimming  should  be  developed. 

).  After  these  criteria  are  developed,  a  aeries  of  qualifications  for  differ¬ 
ent  levels  of  underwater  swimming  ability  should  be  established. 

4.  Only  when  It  la  clear  what  a  swimmer  can  and  should  do,  can  standard¬ 
ised  curricula  be  developed.  Instructors  consistently  Indoctrinated,  and  adequate 
training  material  and  laclllties  provided. 

J.  Training  facilities,  texts,  and  material  aids  are  inadequate.  Studies 
should  be  Initiated  toward  designing  and  developing  standardised  training  procedures 
tailored  to  the  particular  needs  of  underwater  swimmers. 

4.  Further  shady  should  be  given  the  questions  of  the  best  location  for 
efficient  and  safe  training  of  underwater  swimmers,  and  whether  swimming  should 
be  taught  separately  from  the  specific  skills  needed  for  reconnaissance,  demoli¬ 
tion,  ordnance  disposal,  submerged  attacks  on  skipping,  and  other  missions 

OS.  00  EFFECTS  OF  UNDERWATER  BLAST 

Underwater  blast  constitutes  an  Imps  riant  problem  to  the  swimmer  be¬ 
cause  explosive  energy  la  transmitted  very  efficiently  by  water.  A  man  who  would 
be  unharmed  by  an  air  explosion  of  *  hand  grenade  at  IS  feet  distance,  providing 
ha  la  out  of  direct  line  of  the  shrapnel,  would  undoubtedly  be  killed  outright  or  die 
aubeaqwutly  as  a  result  of  blast  la  fury  when  a  similar  charge  la  exploded  at  the 
same  distance  underwater.  Any  swimmer  may  Inadvertantly  be  submerged  when 
e  charge  la  set  off,  and  in  warfare,  military  swimmers  may  be  required  to  awtm 
v  close  In  toward  a  target  aa  possible,  even  in  the  face  of  countermeasure  ex¬ 
plosions.  Two  prscttsal  qwestlone  thus  present  themselves:  at  what  distance  to  a 
given  etas  of  charge  likely  to  be  dengeroud  and  with  what  shockwave  buffer  mech¬ 
anism  may  the  swimmer  be  provided * 

Even  though  tbs  actual  mechanism  of  damage  to  tie  suet  is  net  clear,  we  can 
employ  the  wall  established  theory  of  underwater  tx,iloolons  to  obtain  expressions 
for  the  distances  at  which  different  alee  chargee  will  produce  comparable  effects 
in  deep  water.  The  following  brief  dlacuaeloo  draws  freely  on  Cole’s  book.  U.«le£- 
water  Explosion,  (11 1  and  on  Hartman's  report  on  this  subject  to  the  Panel  on  Under  - 
water  Swimmers  t * •  1 

When  aa  explosive  le  detonated  underwater  tr»  rs  ’.ily  expanding  ga*ea  gen¬ 
erate  a  pressure  disturbance  whlc'.  travels  outward  aa  a  shock  wav*  with  *  sharp 
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fro-e  By  lha  time  this  ahock  ft  vebaa  the  swimmer  it  la  movng  at  a  valoctty 
■1*0 ut  «tual  to  lha  speed  a I  hound  <n  water,  1.  a  ,  Uxjut  5000  ft.  par  aacoad. 

Although  tha  shock  wave  laata  for  only  a  fa*  thousandths  of  a  second,  tha  roomantary 
praaaur*  affacta  may  be  groat  enough  to  cauaa  tlaaua  damage.  Thar*  arc  auc- 
ceedlng  shocks  resulting  from  oscillations  ‘h*  gaa  bubbla  produced  by  tha  ex¬ 
plosion,  but  tbalr  praaaurca  ara  ao  more  than  one-fifth  aa  largo  aa  tba  Initial 
•bock  aa«a  and  banco  ara  aol  unportaot  tor  our  diacuaotoo. 

A  record  of  the  prooaara  at  any  give  a  dlataaco  from  the  explosion  shows 
normal  prceoore  Juat  prior  to  the  eboefc  »•**  arrival;  aoddaaty  ti-e  pressure  rises 
to  o  peak  value,  and  then  tt  diao  away  approximately  arpooaWtally.  Whan  tha 
•bock  wave  atrtkao  a  hard  oorfaca  aock  aa  a  smooth  hard  bottom,  tba  <aavo  la  rs- 
flactad.  aad  only  a  small  amaoot  of  tba  Incident  aoargy  la  last.  This  roflactad 
wave  will  at  aotna  points  com; Ida  in  pbaaa  with  tba  advonciag  direct  wove,  end  In 
theoe  region*,  at  coincidence  the  preesere  effecte  of  the  two  wevee  wUl  be  eddlttve. 
When  the  shock  wave  etrikea  a  water-air  eurface,  rafladioa  alee  occurs  but  in 
thte  cnee  the  reflected  wave  changee  from  a  pressure  Increase  to  e  rarefaction. 

Tha  reref  action  pbaaa  la  traps  aimed  from  tba  point  of  raflaettan  at  about  tha  asms 
epood  aa  tba  shock  from.  Recording  a  succession  of  proseerae  racalvad  Juat  be- 
oaath  the  awrfeoa,  ooa  eaaa  normal  preeeure  succeeded  by  tha  shock  wave,  and 
thee  as  the  preeeure  begins  to  decroaee  exponentially,  there  is  e  sudden  fall  in 
preemaro  to  considerably  below  the  normal  value.  Near  tha  explosion,  this  pres¬ 
sure  reduction  la  aidflcieal  to  cnees  viola  id  cavitation.  The  reduced  pressure 
thereafter  Increases  appredmaSety  exponentially  toward  normal. 

Tha  danger  to  an  uodarweaar  swimmer  lias  in  the  fact  that  within  bio  own 
body  »e  has  many  waaer-air  surfaces  which  ere  subject  to  thee#  prerxuru -tension 
phtuomaaa.  The  longs,  loops  of  uowel  containing  gee.  lha  air  paeea«ea  In  lha 
threat  aad  mmdh.  aad  the  sir  a  media  La  the  bead  are  the  principal  a  das  of  Injury 
to  utirveur  explosion.  The  puts  of  the  body  which  do  aot  contain  air  or 
gee  transmit  the  abash  wave  practically  without  disrupt lan,  hones  the  maeclee. 
bones,  liver,  heart,  and  brain  ere  a  stilly  undamaged.  la  xddhton  to  the  aise  and 
distance  at  tha  charge,  many  factere.  including  depth  of  igleilat,  depth  of  the 
swimmer,  shape  end  ehareeser  of  the  boMom.  sad  ref raettm  of  the  aback  from 
hcceeoc  at  temperature  or  saUntty  grudleeM  tn  the  water,  all  markedly  effect  the 
mtarotty  and  *ra*taa  af  the  preeeure  diets rbenee  reeehiagthe  swimmer,  aad 
theraferw  the  degree  at  Mo  hesard. 


Atthawgfc  mam  eapertmantera  croak-* r  that  peak  preesere  Is  the  determin¬ 
ing  facter  m  hlam  UJery,  careful  and  exteaetvo  work  In  the  United  Kingdom  [5.  9.  1 1) 
ladles  tee  that  the  imphles  and  energy  ef  the  shock  wave  may  lie  mere  important 
than  the  pook  praesuro.  hlam  Imps  let  stales  as  where  w  I-i  charge  weight 

•die  dim ease  from  the  •gluknl,  while  pash  pleasure  tcelae  apprexlmataly 
ae(  Jivt.  haaca  tha  aefa  dlstaace  from  an  explosion  will  increase  approximately 
few?  imms  as  reptdly  with  laereuetug  eherge  weight  If  impelee  m  the  prMe*ai  fac¬ 
tor  deurmlning  injury  rather  then  peek  praetor* 


i  is  operate  In  ao  area  m  which  pa  ah 
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bint  pressures  of  approximately  >00  pet  are  encountered.  A  peak  blait  presaure 
of  300  -xOO  pal  will  probably  cauee  death  -  Ithln  a  few  mmu.ee.  Theae  nurr.be re 
apply  to  a  fully  submerged,  unprotected,  awlnur.rr.  Assuming  that  peak  preeeure 
la  the  factor  determining  aerloua  Injury  and  deterrence,  wa  can  easily  eataolLeh 
a  relation  whicagivea  deterrent  and  lethal  d'etancea  t  -  -  wide  range  of  -barges 
In  deep  water.  The  physical  theory  at  exploatona  leada  to  an  equation  for  the 
peak  preeeure  la  pounds  par  e  qua  re  inch  front  a  charge  of  w  pounds  of  TNT  fired 
In  deep  water  at  a  distance  d  in  feet: 


p. 


This  equation  la  dleplayed  In  tba  form  of  a  nomograph  la  Fig.  2.  If  we  take  200 
pal  for  deterrent,  and  300  pat  tor  lethal  preaeurea,  tba  aquation  ftvea  ua: 


de terrain  t  aaga  in  feat*  44  w^'llbe.  at  TNT) 
lethal  range  la  feet  e  44  wb*Ube.  at  TNT) 

Theee  equal  I  one  moat  be  t^kee  prowta  tonally.  At  bant,  they  bold  for  water  which 
la  at  Uwt|ta{  wa  daap  aa  *Ua  dlatanea  front  eaploaton  to  awlmmar,  ao  that  sur¬ 
face  atd  bottom  reflect  lone  are  relatively  unimportant.  In  conaldarlng  counter- 
maaawrea.  however,  we  may  aafely  accept  half  tba  distance  given  by  the  equatlona 
aa  tba  range  la  which  e spinal vea  will  ba  quita  affactive  agalaat  awintmara. 


The  Information  on  datorrant  and  lethal  undarwstar  blast  .e  fragmentary 
and  Income  Intent.  Much  of  the  work  la  Invalidated  because  it  was  dona  la  ahallo* 
water  without  pressure  measurements.  »l  la  at  utmost  Importance,  both  for  devel 
opine  at  of  countormaasuraa  against  awintmara  and  for  our  osm  awlmmar  doctrine, 
to  obtain  good  experimental  data  In  daap  Isothermal  water  on  deterrent  and  lethal 
distances  from  different  stand  explosions.  The  lethal  data  should  bn  gathered  on 
large  mammals,  1. a. ,  gnats;  mnch  at  the  deterrent  data  can  be  obtained  from 


Experimental  hdormaUan  la  ala#  needed  an  means  at  protect  1^  swimmers 
against  asp  lost  vea.  Mach  M  this  work  can  ba  dene  by  enclosing  blast  gauges  wttfc- 
la  teat  materials.  Frallmlaary  t  ha  o  ret  leal  and  experimental  work  tad'.cataa  that 
a  ual*oeUular  plastic  suit  would  considerably  reduce  the  peak  pressure  and  impulse 
received  by  a  swtmuaar.  Injury  to  the  unprole -tea  underwater  awlmmar  occurs 
because  the  blast  wave  paaaaa  nearly  nadlmlidahed  front  the  water  into  the  flesh  of 
tbs  man.  Tba  pressure  wave  passes  from  water  to  flash  with  little  Iona  because 
•he  two  materials  have  clone  to  tbs  tame  "aooaetic  Impede  ace",  t.a. ,  tba  seme 
product  at  density  Hast  sound  velocity  Tba  Irene  iattted  preeeure  were  can  ba 
made  much  smaller  by  into rp» wing  e  layer  at  material  with  a  widely  different  Im¬ 
pedance  Approximate  calculations  can  ba  (aide  by  wall-known  acoustical  theory, 
and  give  the  ratio  of  traaommed-to-lnctdasl  pressure  *  •  ternu  of  the  Impedance, 
kp  at  water,  and  Eg  of  tbs  protective  layer. 
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Transmuted  pressure  4 Z  | 

Incident  preeaurti  *  Z  j 

If  the  protective  layer  le  foam  plastic  such  as  the  neoprene  used  In  the  experi¬ 
mental  "wet”  suit,  the  approximate  theory  predicts  a  pressure  attenuation  by  a 
factor  between  00  and  200,  depend  ins  on  what  value  Is  chosen  for  velocity  of 
sound  In  the  neoprene.  Unfortunately,  there  are  no  experimental  data  available 
yet  to  check  the  corrections  o i  these  predictions.  The  theory  probably  five*  too 
optimistic  a  figure,  and  should  not  be  trusted  until  experiments  are  made. 

OS.  01  Conclusions  and  Recommendation# 

1.  Underwater  blast  Injury  constitutae  a  aerloua  potential  hazard  to  under¬ 
water  swlmmere.  In  deep  Isothermal  water  there  is  denser  ad  Injury  from  a  1  pound 
charge  at  distances  less  than  OS  feet,  and  at  leas  than  100  feet  from  a  100  pound 
charge.  Safe  distances  for  large  charges  are  uncertain,  becauae  it  le  not  known 
whether  peak  blast  pressure  or  total  impulse  from  the  explosion  determines  Injury. 
Research  should  be  continued  an  the  basic  mechanisms  of  underwater  blast  injury. 

2.  Explosions  ere  likely  to  be  included  In  enemy  countermeasures  and 
these  may  nullify  or  deter  our  undentadur  swimmer  operations. 

).  Protective  clothing  combining  sir  or  other  sound-reflecting  material 
might  appreciably  leases  the  distance  at  which  an  explosive  charge  of  gives  else 
Is  a  eertcus  hasard  to  a  swimmer. 

4.  Research  and  development  on  methods  for  protection  of  swimmers 
against  blast  Injury  are  urgently  needed. 

5.  Reliable  experimental  date  should  he  obtained  os  deterrent  and  lethal 
dlatanoes  from  explosive  chargee  of  different  else.  Until  mors  such  data  are 
available,  calculations  for  safe  dletanrso  from  knows  charges  should  be  considered 
tentative. 


04  00  sum 

We  begin  this  section  with  the  assumption  that  underwater  swimmers  need 
suits  primarily  for  protection  against  cold  water.  Wa  will  not  consider  ether  re¬ 
quirements  such  as  protact  ion  against  abrasion  or  toxins  la  the  water  because 
suits  which  gives  p  (Ion  age  lest  temperature  ess  be  designed  to  give  same  pro¬ 
tection  against  these  hasarde.  Prelect  lea  against  explosions  is  discussed  briefly 
in  the  section  on  Underwater  Blast. 

94. 01  Principles  of  Prelection  Against  Tempsrsturs 

The  fallowing  paragraph  la  based  on  C.  R.  Spnalmaa'e  report  to  the  NRC 
Symposium  on  Underwater  Swlmmere,  December  14...  '  fj 

.1  Is  passible  to  calculate  the  approx Imwfa  maximum  sad  minimum  water 
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temperature  that  a  trait  can  withstand  for  extended  period*  Lii'eelae  on*  can 
calculate  approximately  the  amount  of  tnaulation  a  man  needa  11  water  of  vartoua 
temperature*  For  thia  purpose  we  may  conaldcr  the  human  body  a a  a  heat-pro¬ 
ducing  machine  that  doea  not  operate  very  well  unless  Its  temperature  is  within 
certain  limits  The  body  maintains  Its  temperature  by  producing  heat  through  the 
combustion  of  foodstuff*  end  tt  loeea  heat  iarg<.')  by  conduction  and  radiation.  Aa 
a  beat-producing  machine ,  the  body  can  vary  from  a  lower  extreme  of  producing 
only  about  40  kilogram  calortaa  per  square  matar  of  body  surface  per  hour  to  an 
upper  extrema,  under  great  exertion,  of  producing  about  1, 000  kilogram  calories 
par  square  meter  per  hour.  Thia  maximum  amount  of  energy  can  be  expended  for 
only  a  period  of  about  10  seconds  during  a  sprint  With  reference  to  heat  loea,  a 
person  at  rest,  cold  though  not  shivering,  loose  hast  through  his  body  surface  at 
a  rat*  of  about  4  kilogram  calories  par  aquar*  meter  per  hour  per  degree  centi¬ 
grade,  If  he  shivers,  he  lose*  heat  at  a  greater  rata,  about  II  kilogram  calories 
par  aqua re  meter  par  hour  par  degree  centigrade.  Thia  figure  was  obtained  in 
water  at  20  degree*  centigrade;  It  is  probable  that  in  colder  water,  the  heat  lessee 
increase.  When  the  ambient  temperature  la  high,  warm  akin  loess  about  SO  kilogram 
calortaa  par  square  meter  per  hour  per  degree  centigrade.  Thee*  figure*  neglect 
heat  loss  occurring  by  way  eg  the  lunge,  but  thia  lose  is  email.  Mae  at  rest  la 
water  above  9**F.  overheats;  if  he  is  exercising,  he  will  over-heat  la  water  at 
i»*r. 


Thera  la  great  individual  variability  in  the  lower  tolerable  limit  of  water 
temperature  and  this  Immediately  suggests  a  problem  of  selection.  Moat  men 
will  get  along  fairly  well  unprotected  la  water  at  M* Fahrenheit.  For  the  majori¬ 
ty  of  man,  sustained  operations  in  water  colder  than  *0*F.  will  require  ptescrw* 
clothing. 

Thera  are  three  principle*  hi  suite  for  protection  against  cold,  das  is  to 
wear  a  wster-tlgtt  garment  over  aa  laauiatlag  material  such  aa  woo*  underwear, 
existing  U.  8.  and  the  Italian  Pirelli  are  example*  of  thia  kind.  A  ascend  la  to 
make  the  wator-tlgrt  garment  Itself  os  aa  laauiatlag  material  such  aa  team  plastic. 
The  French  Dumas  suit  la  of  this  kind.  The  third,  exemplified  by  an  experimental 
suM  designed  and  built  by  Brndner  (  2  ]  deliberately  permits  a  small  aaaouat  of  leak¬ 
age  of  water;  warmth  does  net  depend  on  air  insulation  next  to  the  skin,  but  upon 
Insulation  incorporated  la  the  foam  plastic  material  of  the  suM  itself.  The  amount 
of  n«ter  permitted  to  flow  through  the  auM  without  causing  excessive  heat  teas  can  be 
rose  put  vd  roughly  by  assuming  that  the  water  warm*  up  to  skis  temperate  re  before 
escaping  from  the  auM.  B  turns  out  that  a  total  flew  of  SO  edit  centimeter*  per 
miante  will  k  »ry  small  heal  Ions  o«.m pared  with  the  amount  at  heat  generated 
by  the  body 

In  the  three  typo*  at  garments,  tbs  swimmer  is  kept  warm  by  air  trapped 
between  the  oeid  water  and  the  swim  mar' a  body.  All ,  if  tt  la  prat  anted  from  mov¬ 
ing  freely  between  a  warm  and  oeid  serfs**,  is  a  very  good  heat  Insulator;  lbs  cuu- 
duottvKy  at  *  layer  at  "dead"  air  one  centimeter  thick  balsa  about  2.  i  kilogram /-si - 
ortea/hr/m'/dag.  C  . 

With  a  dry  anil  over  rootee  underwear  the  traces  between  tin  weu  fibre* 

IT 
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trap  iir,  and  thus  provide  good  uiaulatton  as  long  aa  the  underwear  rc.i.aina  dry 
The  w<~V  itself  haa  a  conductivity  of  about  20,  which  Id  not  far  different  i-o.n 
rubber!)*).  Water  la  only  ona-thlrd  aa  good  an  insulator  aa  rubber  I* J).  The 
conductivity  of  the  underwear  can  be  taVen  as  the  turn  of  the  conductivities  of 
wool  and  dead  air.  multiplied  by  the  respective  volume*  they  occupy  In  the  under¬ 
wear.  If  the  wool  becomes  wet,  it*  insulating  ability  tails  to  esaotdlally  the  asm* 
insulation  aa  still  water.  It  is  bettar  than  no  protection  at  all,  of  courss,  since 


then  there  would  be  no 
dead  water  thickness 
and  the  skin  would  be 
continually  in  contact 
with  the  coldest  water. 

The  other  two 
suits  (one  wet  ••  one 
dry)  are  mads  of  a 
material  that  holds  thn 
air  entrapped,  so  that 
the  Insulation  does  nut 
change  even  though  the 
material  Is  Immersed 
In  water.  Foam  plas¬ 
tic  or  a  sponge,  with 
ail  its  holes  blocksd 
off,  are  such  mater¬ 
ials  (unicellular  *«- 
pandsd  neoprene  has 
been  used  for  the  test 
suits).  The  water  trap¬ 
ped  between  the  mater¬ 
ial  and  the  swimmer  Is 
effectively  wa.vned 
to  the  temperature  of 
the  swimmer  provided 
its  volume  flow  rete  Is 
an-ell:  The  water  In¬ 
side  the  eutl  serves  no 
laeulatiag  functiee,  ef 
course,  aad  s  snag  fil¬ 
ing  suit  Is  therefor* 
s treble.  This  cotton 
underwear  is  recom¬ 
mended  far  uoe  wtth 
the  foam  plastic  dry 
suit  for  Increased  com¬ 
fort  and  the  absorption 
of  sweat. 


nt  J(l tor) Clamp  lull,  two  plsca.  doul'e  tipper, 
a  "horns  mads"  tad,  Pirelli,  aaperlmrnlal  gum 
rubber,  U.  •.  Diver's  ,  .  un  rubber 


II 
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04. 02  Stihu  of  Swlnmtr  Suit* 


Tadia  O,  liata  typaa  o t  Unttad  Stataa  sad  Foroign  Suita.  All  tha  atandard 
U.  S.  K«y  aad  a  porta  dirar  auita  dapaad  on  uaing  woolan  undenraar  (or  cold 
radar  oparatioo,  though  vary  r%c*rtly  auita  jiicallular  plactic  haaa  baan  pro- 
daaad  abroad  and  axparlmaatally  in  tha  0.  S.  A. 


04.01  Daairabla  Charoetartatlea  of  Sulla 

Tahla  1  Id  a  auaunary  of  tha  oplalona  at  31  arpariaaead  uaaarwatar  awlm- 
aaara  oooearaing  daalrahla  charactariatica  at  auita.  F rota  thia  it  eaa  ba  aaan 
that  tha  moot  important  roRuiramanta  ara  warmth,  maaaurarabllUjr,  aooafort  (fit), 
aad  durability. 

Tahla  1 


RATING  TABLE  FOR  UNDERWATER  SWIM  SUITS 


TOTAL  NUMBER  ON  MEN  INTERVIEWED;  11 


Eamaaljr  Vary 
Important  Uaaful 


valua 

■rad  a/othara 


Maaaaaarah  titty.  . 
Comfort  at  aurfUaa. 
DurahUlty . 


No.  M  alaaa  aaadad.  .  . 
Daapar  froaa  taaro.  .  . 
Eaaa  at  aatry  aad  raaaoa 

Comfort  a  40  ft . 

Eaaa  of  (laid  toyaira.  . 
Adaptability  to  dEtaraad 
Chaaga  ia  hooyaaoy  with 
Batyaacy  at  aaifaaa.  .  . 


i  ttarfaaa  to  to  ft. 


at  Faaa  Flaatta  Mta 


1.  Saftaaaa  at  mala  rial  la  aaah  that 
at  all  daytha. 


ara  ratattraly  f*  ?a 


2.  k  tha  aatrayyad  air  In  tha  ault  1-  oroyorly  aahaua«<d  bafora  aub- 
margaaaa  tha  am  all  aaiaunl  of  air  iaatda  tha  auM  aad  around  tha 
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thin  unttarwt--.  gives  a  relatively  small  change  In  buoyancy 
will  depth. 


1.  The  two  pises  suit  with  s  roll  typo  enclosure  simllsr  to  the 
Dumas  French  entt  is  i»;  'o  don  unaided. 

4.  Rips  may  change  the  character  of  the  suit  from  dry  to  wot  — 
bod  the  water  souring  the  suit  is  trapped  sad  can  reach  body 
temperature  in  a  abort  while  for  the  insulation  has  not  been 
destroyed. 

Wet  foam  plastic  suit! 

1.  tt  does  not  need  to  be  watartl^t.  The  problem  of  maintaining 
a  watertight  seal  in  soy  existing  suit  is  extremely  difficult. 
Furthermore,  even  if  a  suit  it  watertight,  R  may  become  erst 
from  perspiration. 

2.  Ripe  in  the  tell  m mortal  do  oat  destroy  iu  Insulation.  In  "dry” 
suits  a  rip  floods  the  suit.  Replacing  wool  underwear  by  unicellu¬ 
lar  material  would  Improve  present  suits. 

I.  Rips  in  the  euM  material  do  not  effect  the  buoyancy  or  maneuver¬ 
ability  of  the  suit.  Pro  seed  clamp  type  and  tipper  suits  become 
lees  buoyant  when  flooded;  and  if  the  ripe  are  large  the  suit  has 
an  affect  like  a  see  anchor. 

4.  The  suit  ran  hues  -openings  far  the  elimination  of  excreta  while 
tLe  swimmer  is  in  the  water. 

».  The  ea*  will  be  equally  comfortable  at  10*  foot  depth  or  at  the 
surface.  Present  UDT  suits  pinch  and  chafe  as  the  air  between 
swimmer  end  sett  be  name  a  compressed  by  wdslde  water  pres¬ 
sure  on  dtvoo  as  shallow  as  It  fast. 

4.  Preliminary  eapsrtaasats  Inflates  that  tbs  buoyancy  of  tbs  suit 
mould  not  change  as  nak  rid  depth  as  dots  that  of  tbs  present 

.  suns. 

T.  Air  will  sst  asovo  bash  and  forth  maids  tha  euR  as  the  awtmmer 
nhangee  poa Ulna.  He  will,  therefore,  not  expert* am  the  awk¬ 
ward  tendency  to  be  upeodoa  when  be  lowers  bis  bead. 

I.  R  Is  possible  to  mobs  a  “wet"  auR  which  tha  swimmer  can  put 
an  and  taha  off  himself,  anderwater  a  paoeee ary, 

9,  S  Is  posaWls  In  maha  a  "wet'  a  J  which  can  be  left  portly  us- 
faitemd  for  cooineai  until  j-sl  b.  tore,  or  a  vex  aft  r,  tha  ewtm- 
car  eiders  the  water. 
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10.  Temporary  or  field  repair  is  simplified  since  lephti  need  not 
be  leak-proof. 


Fig.  4  As  experimental  model  of  s  "wet”  suit,  eHk  tippers  open  and 
hood  daws  at  rtfM  and  at  left  sip  pars  closed.  Nats  meek  Inserted  in 
fases  swrfacs  to  allow  stretch  but  reduce  e  sees  si  vs  tearing. 


04.  OS  Dtaadeaotrfeo 

I.  Wet  suit  "ecu tree  more  critical  fit  for  mrxlmum  effectiveness. 

'6  Cdfultulona  end  Recommendations 

1 .  Nose  of  the  exletln*  suite  is  use  or  In  the  process  of  development 
appears  tn  be  completely  satisfactory  for  protection  :  t  cold  water.  The 

’  wet1’  suit  offers  (real  promise  for  development  into  a  a*  lefsctory  cold  weler 
suit 


tt 
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2,  Study  erf  optimum  di.ip  sad  oateritli  foi  'W1  "'.lit*  should  bo  under- 
taken.  Has  only  work  dan*  with  "wet1  suits  under  ths  cofilinct  at'  the  Psnsl 
kss  boss  to  confirm  tbs  principle  of  tba  tvtt.  Ths  problem  of  designing  s  “wet" 
stilt  must  thus  start  approximately  from  scratch.  Certain  features  of  tbs  experi¬ 
mental  suits  may  be  useful  lu  de»l£YUP4  an  •-Clloral  garment:  l)  tbs  eatenalve 
use  of  (eon- watertight)  tippers,  isces,  or  ansps,  to  product  a  aauf  fitting  autt 
which  so*  be  doamed  by  tba  Individual  iwunmar;  and  2)  the  uae  of  a  tough  foamed 
neoprene,  with  a  strong  mesh  which  allows  the  suit  to  stretch  la  ait  directions 
and  yet  la  rigid  enough  to  prevent  recessive  buoyancy  change. 


J.  Development  of  Improved  designs  for  dry  suits  should  be  continued: 

1)  the  fit  of  current  Issue  U.  S.  N.  two-tipper  suits  needs  to  be  revised  with  res¬ 
pect  to  ouch  things  as  calf  sad  thl^i  sue,  tipper  length,  fit  around  face,  end  num¬ 
ber  of  suit  slate  available;  21  efforts  to  Improve  the  wetertlghtneas  of  tippet.)  should 
bo  encouraged,  1)  until  wstertl^rt  atppers  can  be  guaranteed,  a  dry  suit  without 
atpparo  such  as  ths  Pirelli  or  Dumas  eboatid  ba  used:  4)  the  possibility  of  avoiding 
suit  squseaa  la  deep  operations  should  be  appraised.  The  Cousteau  suit  with  auto- 
matle  Internal  preaeurlsatlon  may  have  useful  features  la  this  regard;  and  5)  the 
Puna  an  French  suits  aro  rarnm  trended  as  a  guide  toward  the  develapnaead  of  an 
efficient  dry  satlt. 


tins  should  bo  conttnead  am  the  physiological  and 
of  protective  clothing  and  related  subjects. 


07.  OS  SrfLP  CONTAINED  OWDCIIW  ATK*  BUATHDK}  APPARATUS 


ever.  ■  < 


la  toed  infirenir  krtatkieg  apparatus  (SCUBA)  by  name  implies 
■atus  does  not  requ.rv  lha  boas,  line  and  other  appendages  which 
i ntl anal  diver  to  his  tending  craft.  Such  equipment.  therefore.  frees 
enables  him  to  undertake  certain  tasks  which  would  be  difficult  or 
aeaempllsh  wdh  a  nermal  light-weight  or  heavy  diving  dress.  How- 
not  preclude  the  one  of  safety  lines  or  added  weights  where  diving 
Heats  their  need.  This  Inc  reseed  operational  fra  adorn  imposes  special 


I  eqelpaeeat  baa  emended  the  fraadum  of  underwater  man  to  porfoa? 
opera*  toarn  oemplemly  underwater  or  perl  tally  anderwater  as  the 
an  Unlade*.  Types  of  military  operations  new  being  undertaken  In- 


JV.»'V 


Kfw-ti 


1.  Beorenalsaance 

a.  Per  general  i 


b.  Per  hydra  graph  It  late  .gases 
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2 .  Demolition 

a.  Beach  ohetaclea 

b.  Harbor  Inetallallnae 
e.  Mtlttary  brldgee 

d  Moored  (hipping 
1.  Um  pact  ton  learnt  ae  a-d  la  (2)  above) 

4.  Underwater  conet  ruction 

5.  Minor  ealvege  taaka 
4.  Mine  clearance 

All  at  tbeee  opartdteaa  can  be  conducted  completely  submerged  by  meaaa 
at  aortie  and  ra-edry  into  a  aubmarged  avbmartae.  However,  many  at  them  have 
reached  only  the  experimental  at  age  be  canoe  at  prate  el  equipment  Um  Hat  lone. 

Tveee  vary  wtLh  the  type  at  apparatus  and  aa  eiagte  type  at  eiiatiag  equipment 
•etlaflea  all  nperetUmal  require m ante. 

The  more  'm portent  llaittattoae  aret 

1 .  Small  breathing  gaa  capacity 

2.  'aaSIcM  COj  abanrptioa 
J.  Lach  at  at  re  ami  In  lag 

4.  Peer  durability 
I.  Pear  reliability 
4.  Lech  at  cacnfert 

T.  Physiological  llmttetlana  (Solar  *o  01.  M) 

I.  Cemplaitty 

T.a  .  ufrpreeeed  air  open  circuit  equipment  currently  ueed  In  lha  U  S 

Navy  eaa  deohpatd  la  France  Some  at  the  perta  were  built  In  France  and  Urout  n 
Uirot'gn  Canada  late  lha  Catted  Slatee,  ether  com  pone  ate  were  mamdn.  '.'.red  In  U  e 
United  Slatee  end  oomplete  unite  ere  now  being  built  hene.  Although  iblo  equip -n  id 
hae  been  generally  reliable,  maleteannce  wee  remplU  .  4  rdll  recently  by  ui-evell - 
ability  and  now- interchangeability  at  "ire  parte.  The  'ur-«nt  cloeed  circuit  oey r<» 
e d'llpn.fftt  le  at  'J  S.  World  W.<r  It  < .  u  and  la  now  at  treat  run*  yrara  old 
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ILcnUi,  mi  order  *m  pUetd  'or  Idtrini  equipment  •''* igneu  end  manufactured 
ji  Italy.  Thin  will  provide  for  training  until  improved  <\  lpmem  can  be  deaigned 
and  mwudactured  in  the  United  d lata a.  3emi-cloeed  circuit  and  allied  (an  appara- 
tan  are  only  now  being  deaigned. 

07.02  Training  with  Praaant  Equipmota 

Training  with  the  pennant  typee  o t  SCUB>  Uaa  been  limited  by  lack  of  « ut¬ 
ile  lent  auaabere  of  operable  equipment  and  by  the  inefTicieocy  at  the  equipment 
which  in  operable.  Deeptte  thane  Hit icuitiea  Tuning  han  proceeded  to  the  point 
that  each  UD  Team  ban  a  platoon  in  readtneaa  (or  certain  typed  of  underwater 
ope  ratteen.  After  a  ewtmmnr  han  been  thoroughly  indoctrinated  la  aurface  ewtm- 
mtag  technique#  and  aurface  minaiooa.  he  may  or  may  not  be  adaptable  to  further 
training  for  underwater  work.  The  normal  eequence  of  aafety  training  la  the  diving 
tower,  of  day  and  night  underwater  ewtmming,  and  of  eubmarlne  eortle  and  re- 
awtry  weeda  owl  many  A  faw  men  qualify  aa  operator  a  of  undare  alar  craft  and 
an  mamhara  of  the  euhmerged  nparatlana  platoon.  (04  02) 

07.01  Types  at  SCUBA 

half  captained  unde  reader  breathing  apperatua  may  be  claeaiftad  by  the 
type  of  hrealhlag  gee  circud.  that  in.  by  the  diepoeltlcn  of  eahaled  gee  and  of  any 
enoana  gen  a^pllad  to  the  iw  aair  bet  aat  ianaied.  On  thia  baata  wa  may  divide 
thane  eqetpmenta  ia*n  three  typem 

I.  Open  circuit  ••  ease  areeth  in  withdrawn  from  the  gen  cylinder 
and  eahelnd  tain  the  water. 

1.  Oemi-cieeed  cirenM  --  eahaled  (need  are  reclrnleted  and  part 
of  the  eahaled  earhan  dtanlde  in  abnothnd  bat  there  la  a  ateady 
gaa  flew  In  eaeeaa  ef  raapiratnry  require maete  Mae  a  rebreath- 
ing  bag,  and  a  dtnabarga  of  aaceae  gan  tala  the  wader. 

1.  Claeed  aireuM  -•  anygan  la  auppllad  al  a  rain  eaaetiy  eqenl  to 
reap  If  alary  reqatroaaanl.  eahaled  gaeee  ir*  reelrcelatad  and 
ell  carbon  dtanlde  In  abearbed.  Me  gee  la  dlncbergad  tala  tha 


•CUB  Ad  may  alee  be  elaaetfled  or  the  baata  of  the  tram  tag  §m  nr  breath¬ 
ing  pm  antatam  neppilnd  la  tan  ewtaimer  aa  foUowat 

I.  Air  _ 

*  rtvygea 

Hal  ham  anygan  mbdurea,  need  ta  dare  a*'  -living  la  mtahniaa  attrogen 

narcnele  and  f»r  aboilvr  IvcomprveeUui  id  long  deep  dlveo,  are  no1  at  preevnt 

«» 
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u*«d  for  Mil  contained  underwater  breathing  apparatus  becauae  of  ti.c  clanger  at 
bends 


07 . 04  Description  at  Equipment 

Open  circuit.  Open  circuit  equip- 

meat  is  is  general  the  nlmpleet  type  at 
bCUBA.  Air  or  a  pre-set  mixture  at  ox  - 
yfM  sad  aitmgsn  is  stored  under  high 
pro— ere  (about  2000  pel)  ia  cylinders. 

This  hlgi  pressure  fae  ia  reduced  to  as 
late  mi  ed  Isle  pressure  (about  SI  to  IS 
pall  by  s  first  stags  reduction  stive. 

The  gas  Is  ntdelnert  by  the  swimmer  am 
inspiration  through  a  second  demand- 
type  redurtv  valve  which  is  setuatad 
by  respiratory  action.  The  pressure 
at  (as  da  live  red  to  tbs  swimmer  is  about 
SRuai  to  tbs  ambist  hydrostatic  prea¬ 
la  aoaae  eguipcnetds  ( Agualuag 
I  MorthUU  the  two  stages  at  pres- 
>  redact  tow  are  asooaepilshsd  wl  th¬ 
is  tbs  same  valve  casing.  Other  out* 

Mistt.  Erne  rasa.  Swedish!  have  thu 
two  valves  la  d  (Named  I  nr  Ninas.  Ail 

I  gas  is  ats  uharged  an  aa  ilermati 
>  atUiendtoa  of  fas  Is  therefore  egual  to  tth 


stream  at  bubbles  tato  tbs  water  i 


Cloned  etrorid.  Ia  the  simplest  type  at 
at  clnsed  circuf  eqdyaM,  any  gee  is 
n>srsd  la  cyltaderd  uadur  high  pressure, 
sad  (a  aOaitMiit  ta  i  hrentbiag  bag  allbar 
I)  tdraagi  a  aianiqr  operjded  valve,  2) 
by  a  slew  diap  flam  tbrsagl  n  p  re  tears 
reds  stag  valve,  as  1)  three  gi  s  fimsad 
e-lve  lystf  similar  la  oeaW.rectlea  Is 
that  dssirbed  far  fa  apsa  ctrealt  ngalg- 

mettn  m^gna  tappiyl  are  ased,  •  man- 
eaUy  operated  saasrgaacy  valve  la  alas 
ftttsd.  Ouygsa  admitted  lads  tbs  breedh- 
tag  hag  aitass  w«b  tbs  rsssrvafr  at  peri- 
fted  scaled  pas.  Tbs  awtaiaisr  lab  alia 
from  tbs  breathing  hag  tbreugi  a  chock 
valve.  Thr  aUgprt  preseera  U  e apsis - 
tkaa  clsasi  U*e  I  ihallag  valve  tad  ope  as  aa 
eabaJiag  valve  causing  the  erhslid  mi  to  re-eater  t*r 

The 


tmiuf  -  - 1  --  i.-j.i-a  -w  w  rv-wvr  c*  ■  r  'othinybay  through  a 

.sister  which  etadiiss  carbon  Oioslds  ahsorhsad,  nofh-.lly  soda-lime  or  heralyme 
The  rale  ad  eaygea  ullaauoa  from  the  cyliaders  is  aster  ulaed  by  the  dive  s 
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metabolic  consumption  o t  oiyfir  rather  than  by  tha  larger  volume  of  g*e  required 
fer  ventilation  aa  In  tha  eper  circuit  type.  Beexue-  of  tha  danger  of  oxygen  poison- 
lng,  present  operating  djctrlaa  limit*  uaa  ot  dosed  circuit  oxygen  apparatus  to  a 
depth  oi  10  (eat  (or  a  period  of  it  minutes. 


Mixed  gaa  equipment  for  cioaad  circuit  operations  at  daptha  greeter  than 
30  feet  la  under  long  term  etudy.  Such  equip  mar*  might  employ  a  mining  valve 
which  could  be  uaad  to  vary  tha  rata  o t  flow  (ram  two  gaa  cylinder  a  and  an  oxygen 
aaniyaar  to  cowtrol  tha  mixing  valves.  Tha  uaa  at  a  mixture  at  gas  would  reduce 
the  physiological  danger  from  oxygen  poisoning,  u  bich  la  present  w**a  pure  oxygen 
is  uaad,  but  would  lotrodncs  the  aww  danger  of  anoxia.  In  addition  la  the  problem 
ot  disposal  of  the  sxcees  inert  gun  on  ascent. 

Seml-cloaed  ctrcuA.  Apparatus  can 
be  used  (or  breathiLg  either  air,  a  mixture 
ot  a  Ur  ogee  and  oxygen,  or  oxygen  alone. 

Thin  type  ot  appnretue  cone  let  a  ot  the  same 
general  coaapoetewto  aa  dosed  circuit  oxygen 
fw-brwedbhqf  appamtun  and  in  addition  em¬ 
ploye  a  non-return  exhaust  valve  to  allow 
spill  over  a t  that  portkus  of  tha  gaa  flow 
which  Is  nnt  actually  c« seamed  by  the  swim¬ 
mer  .  Near  the  surface  tha  vniinein  ot  ex¬ 
cess  gas  rwlaasad  into  tha  weXer  is  epprssl- 
-(ourth  to  imi  Same  that  ot  opaa 
*  fraction  at  tha  axustod 

i  itiostitc  U  alas  » to  seated,  result-  wux 

tag  la  a  dtmtclxhcd  load  ■  pen  tha  -baorp- 
Uao  cast  eh  ir.  la  aense  types  ad  seat- 
si  seed  dreed  seulpnunt  the  breethlag  gaa 
Otars  at  a  feed  rain  ntrwoliy  Itoo  tha  re- 
breathing  hag.  In  eMtora.  tha  (law  la 
torn#  a  ■  satort  orifice  In  order  to  fact!- 

Hade  reetroulattea  ot  g ah  tornugb  the  carhen  dioxide  sbeerpttas  caanleUr  Oxy¬ 
gon  sad  ahi  ugsn  assy  be  pra-mtaad  sad  enrrtod  la  the  same  cylinder;  eitorwa- 
ttvuiy,  air  wr  a  hi  sg~a.  and  nay  gaa  may  ha  carried  to  ssporato  cyltodara  sad 
mixed  by  a  regal  at  nr.  A  type  ot  SCUBA  sew  under  development  (Emerson)  to 
shleaul  beSwwea  the  open  and  aeml- cloned  types,  to  this  equipment  a  gaa- 


to  incorporated  which  nitres  tha  drat  part  ot  eihala- 
tias  a t  this  gas  nsntalaiag  aetoimai  eahaied  carbon  Jlaalda  should  to- 
i  tha  dtvtog  ttaaa  svailahis  with  aay  given  cylinder  capacity.  A  praaant  aeml- 
alaaed  type  Mtg  adiegn-agtsa  miaturne  (manufactured  by  tha  1.  Blair  Co  ) 
to  rat  ■ ade  ter  ewtmmtog  at  depths  lean  than  M  feet  bee  sues  to  toe  characteristic* 
to  the  gas  regulator  system 

OT.  H  Balsdtea  ttertla  to  the  Three  Types  to  SCUBA 


ctreuB  spparstua  hu 
Mat  abase -a  to  tha 


i  twa  very  V  to  .  t.aatagve;  slr-yi'-tty  to  dealgu 
bee  era  to  axygea  toxicity,  (to  dtaedvaalagea  era: 
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91  to  9*  percsni  of  the  (u  carrlil  la  the  cylinder  le  lost  without  being  uaed  for 
metabolism;  the  presence  01  rutr  (ea  Involves  danger  from  benda  sad  nitrogen 
narcoata.  u.e  stream  of  bubbles  rlauig  to  the  surface  greatly  increases  the  risk 
of  detection;  with  present  equipment,  the  intermittent,  htgh-fiequeacy  noise  of 
the  gas  flow  gives  some  risk  of  detect  iou  by  :  -irr. 

la  closed  circuit  oxygen  equipment  all  the  gas  carried  is  used  fur  metabo¬ 
lism  sad  the  rata  of  oxygen  utilisation  from  the  cylinder  la  determined  by  the 
diver's  metabolic  consumption  of  oacygea  rather  than  by  the  larger  volume  at  gas 
required  for  ventilation.  Han  re,  for  a  given  duration  at  submerged  operation  only 
about  1/  IS  to  1/10  the  gas  volume  uaed  la  the  open  circuit  apparatus  la  required. 
Further  economy  is  gained  because  the  rate  at  oxygen  utilisation  doss  not  Increase 
with  Increased  depth,  whereas  the  mass  at  gas  withdraws  par  unit  time  from  opes 
circuit  equipment  Is  approximately  doubled  at  11  fast,  tripled  M  it  feet,  sod  quadru¬ 
pled  at  99  (eat.  With  closed  circuit  squlpmsal  a  trained  operator  eon  move  under 
water  without  say  trail  at  a  seep  lag  bubbles  except  during  rapid  ascent  whan  expan¬ 
sion  of  gas  la  tha  bag  and  lungs  causes  soma  spill-over.  The  small  nde  at  with¬ 
drawal  at  gas  from  tha  pressure  cylinder  results  la  a  vary  low  noise  level,  thus 
further  minimising  tha  risk  at  detection.  There  Is  no  danger  frost  hands  hat  suss 
there  Is  no  nitrogen  absorbed  la  the  tissues. 

On  tba  other  hand,  cloned  circuit  oxygua  equipment  in  anmtwhat  mare  com¬ 
plex  la  design  and  operation  than  open  circuit  equipment  because  at  the  ^dad  com¬ 
ponents  of  tha  carbon  dioxide  absorption  system  and  a  re-bra atktag  bag  A  definite 
disadvantage  la  the  limitation  at  depth  rt  operation  because  at  tha  danger  at  oxygon 
toxicity.  Tha  length  of  safe  diving  time  with  oaygpa  decry  anas  sharply  below 
11  foot. 


Whan  used  whh  oxygen,  awml-rlaaad  circuit  apparatus  has  t.aaatlally  the 
•  Hm  Rattans  and  advantages  an  closed  circuit  apparatus  except  for  somewhat 
diminished  duration  at  operations  (because  soma  oxygen  Is  exhausted  end  not 
roaaanadt  and  probably  higher  rich  of  visual  and  sonar  detection. 


Whan  used  whh  nitrogen  any  gee  mi  nurse,  sum  1- cl  on  ad  circuit  apparatus 
■nubias  worh  to  be  accomplished  at  depths  equivalent  to  Macau  pcvmlcsMn  with 
seised  gases  unnd  In  spun  circuit  apt  »r able.  Deeper  diving  la  pasafltle  than  with 
oxygen  a  lima  because  of  the  reduced  basaL-d  from  oxygen  toxicity.  I  tha  pa  ream  age 
at  cltrogca  Is  leas  than  la  air,  tha  danger  at  bands  is  reduced  and  tba  maximum 
time  o#  operMon  Is  Inc  recced.  By  varying  the  aMrogea-oaygea  mixture  the  meet 
aduaaaageoun  gaa  rails  for  weilmam  diving  duration  ottn  minimum  danger 
at  eaygen  tonicity  or  bends  can  bn  achieved.  Diving  durst  ten  la  elan  Increased 
for  a  given  time  at  ependten  amen  eeml-cleeed  apparatus  requires  ualy  a  fraction 
at  ’Jm  gen  seeded  ‘.or  open  circuit  equipment  (at  IM  feet  approximately  1/tOt. 

Unlike  the  upas  circuit  equipment,  the  rale  at  gas  flow  seed  net  iaervasa  as  worh 
or  depth  increased. 


The  principle  dead  rentage  at  asm  I- close)  -Iron  It  mixed  gas  equipment  is 
that  failure  or  meUJJuetmefd  at  the  gen  i  rgul.lor  ,  an,  without  tha  :  burner's 
knowledge,  expose  him  to  aeeoesivq  canxintrattona  at  httrogan  or  oxygon  and 
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henc*  to  th«  hex  rda  cf  bend*  or  -jxygsn  tonicity  Ths  danger  of  tnoxla  alao  exist* 
if  th»  flow  of  the  oxygen  component  of  the  gaa  mixture  become*  inadequate  for  meta¬ 
bolic  need*,  either  because  of  failure  of  the  ga*  supply  malfunctioning  of  the  pres¬ 
sure  regulator  or  because  at  work-rates  in  excess  of  those  for  which  the  equip¬ 
ment  was  designed.  The  inability  of  man  to  k  ugnixe  the  onset  of  anoxia  makes 
safety  in  serai-closed  circuit  apparatus,  using  mixtures  of  nitrogen  and  oxygen, 
dependent  upon  maintenance,  design  and  mechanical  perfection  of  the  gac  flow 
regulator  rather  than  upon  the  skill  and  training  of  tbs  swimmer  himself. 

07.  Ok  Present  Operational  Require  me  at*  for  Self  Contained  Underwater 

Breathing  Apparatus 

Present  operational  requirement*  for  sslf  contained  underwater  breathing 
apparatus,  aa  determined  cooperatively  by  Fleet  activities  and  the  Bureau  of 
Ships  are  generally  aa  follows: 

1.  Open  circuit  equipment.  Normal  depth  of  operation  0  to  1  SO 
fast  wtth  sufficient  breathing  gas  volume  to  permit  60  minutes 
of  operation  at  50  fast  sad  s  maximum  depth  cf  operation  of 
200  feet  for  about  1  minute  (for  safety  purposes  such  aa  sub- 

.  larins  escape,  etc. ) 

2.  Closed  or  semi-closed  circuit  equipment.  Normal  operating 
depths  0  to  60  fast,  wtth  ■  maximum  depth  at  100  fast  for  us* 
la  submarine  sortie  wo*  re-entry;  sufficient  breathing  gen 
volume  to  permit  two  to  four  hours  of  continuous  underwater 
operations  including  swimming  2 . 5  miles  at  0.  75  knots. 

Provisions  are  needed  for  both  open  sad  closed  circuit  apparatus  which 
would  permit  dtirhsisnl  to  additional  gee  supply  units  built  into  an  open  cockpit 
ends  rue  nr  vehicle.  (  I  ] 

07. 07  Desirable  Performance  Characteristics  of  *olf  Contained  Underwater 

Breathing  Apparatus 

hp  self  contained  underwater  breathing  epf  «•■»—  should  have  as  many 
of  tfe*  following  characteristic*  aa  poeaMe: 

1,  B  should  ha  fairly  light  in  air. 

2.  B  should  remain  soar  neutral  buoyancy  in  water,  bath  when  the 
gas  bottlaa  are  full  and  when  they  are  discharged. 

i.  B  should  be  small,  and  streamlined  in  relation  to  Ilia  swimmer's 
body. 


*****  0. 

SR  5. 

r-'; 


B  should  possess  maximum  atir.,  Hetty  and  reliability  of  operation. 
All  onto 


iroia  ehould  be  readily  oovrthle  by  a  swtmnisr  wearing 
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glOV*l , 

6.  Such  physiological  h^iardi  aa  oxygen  toxicity  COj  poiaonlng 
and  bends  ahould  be  m  inii.i » I , 

?.  Rata  of  datarloraiio a  ud  requlir.  unis  for  maintenance  ahould 
ba  am  all. 

I.  Magnetic  signature,  noiaa  rutput,  aonar  target  atrangth,  and 
visible  bubble  trail  ahould  ba  low . 

4.  B  ahould  ba  comfortable  for  tha  awlmmar  and  ahould  interfere 
a a  little  aa  poaaihla  with  hia  freedom  of  movement  and  operating 
effectiveness. 

10.  Tha  re  ahould  ba  a  minimum  of  component!  in  front  of  tha  swim- 


11.  Removal  under  water  ahould  ba  eaay,  with  minimum  aalf •flooding. 

11.  Tha  face  maafc  ahould  fit  comfortably,  with  a  wide  field  of  via  ion, 
and  ba  capable  c*.  uee  with  or  wtthoad  a  mouth  place. 

11.  Tha  mouth  place  ahould  ba  aoft  and  taateleea.  and  capable  of 
being  aptt  out  and  iwtrlovod  without  removing  the  maok. 

14.  Thera  ahoald  bo  proviaion  to  warn  tha  awimmar  whan  tha  breath¬ 
ing  gaa  a  up  ply  la  approaching  eiha  notion. 

15.  The  equipment  ahould  ha  operable  in  water  tempo  rate  rwa  from 
JT*F.  to  90*F. 

14.  The  maok  deaipi  ahould  provide  for  voice  communication. 

IT.  Cloned  circuit  apparotua  a  he  Ud  ba  ueable  wader  conditions  of 
hard  work,  that  la  rapid  rate  of  production  of  COj. 

It.  Aa  attachable  anertal  for  aurfaca  breathing  la  dee  treble  in 
order  to  occnomlao  on  ato  rad  breath  lag  gma. 

At  praaant  it  la  not  pooaiblo  to  romhlaa  all  thaaa  daalrabla  ckaraeterlatica 
in  a  a  ingle  "uaivaraal  equipment".  Therefore  diffaraid  type*  of  apparatua  have 
bean  designed  and  are  being  tented  or  procured  for  different  operational  naada. 

07.  oa  Caeclueiona  and  Recommendations 

1.  No  praaant  type  of  SCUBA  la  adequate  fo  1  rpee  of  underwater  opera¬ 
tion.  Fundamental  research  in  the  physio  logy  of  breath. .ig  under  pressure,  and 
development  of  Unproved  equipment  with  wider  flexibility  and  greater  andu.  ance 


it 
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Is  needed. 

2.  Open  circuit,  closed  circuit  end  temi- closed  circuit  types  of  SCUBA 
each  hare  distinct  advantages  sad  dlaadvantafss .  Each  type  is  best  Adapted  to 
Bid  la  accomplishing  certain  undei  filer  swiu.-i.er's  missions,  and  the  decision 
as  to  which  should  be  employed  must  usually  rest  on  the  Field  Commander,  based 
on  actual  operational  possibilities. 

I.  Mas  In,  urn  security  and/or  tits  need  for  continuous  underwater  operation 
over  a  relatively  loop  period  will  in  many  cases  require  that  a  closed  or  serai- 
closed  circuit  type  SCUBA  be  employed.  But  for  many  operations  requiring  use 

of  SCUBA,  the  elm  pier  open  circuit  equipment  can  be  employed. 

4.  Effort#  should  be  directed  toward  intensified  study  end  development  of 
carbon  dioaide  absorbent  materials,  aid  at  siAstaacss  which  both  absorb  carbon 
dioxide  and  release  oxygen  (s.  g. ,  high  oxides  of  potassium  and  the  chelates)  ter 
use  in  closed  circuit  oxygea  and  mixed  gas  SCUBA.  Correlation  of  research  now 
in  progress  by  government  and  civilian  agendas  to  determine  applicability  to 
SCUBA  should  be  coattauad. 

J.  There  should  bo  -owUnwancs  at  development  of  SCUBA  from  operational, 
safety  and  physiological  viewpoints,  aiming  at  increased  security,  work  capacity 
and  submerged  operating  tuna  at  tbs  equip  me  id  com  mens  urate  with  man's  bodily 
endurance  and  ability  to  he  useful  work.  Improvement  of  ops*  circuit,  closed  cl— 
cult  sad  ssmi-dosed  circuit  apparatur  to  achieve:  0  lower  breathing  resistance; 

21  Increased  gee  economy  (in  open  and  aemi-cloaed  circuit  typea);  11  more  effective 
carbon  dioxide  abaoeption  (in  closed  and  eeml- closed  types);  4)  streamline  form: 

SI  simplicity  and  reUAU.tj  at  operation;  **  simplicity  at  maimeauace;  J|  maximum 
field  at  vision;  •)  minimum  magnetic  signature;  and  4)  minimum  sound  output  mad 
echo  target  strs^th. 

4.  Competition  in  SCUBA  development  and  production  in  constantly  grow¬ 
ing.  stimulated  by  lac  re  as  lag  military  requirement*  sad  public  interest.  Thin 
healthy  commercial  situation  ahould  brie.'  mere  and  better  models  late  existence, 
provide  new  principles  at  ops  rat  loa  and  Insure  safer  and  easier  npsraMim. 

T.  Investigation  at  tho  feasibility  at  a  safe  closed  circuit  mined  ass  SCUBA 
should  bo  counted. 

(.  Continued  study  is  required  at  quantitative  laboratory  and  field  methods 
of  tasting  breathing  apparatus  with  the  purpose  at  Improving  validity  at  tests  end 
ordaining  basic  Inform  el  ion  of  value  in  improving  design. 

1.  Factors  reopens  ibis  for  resistance  to  r  aspiration  ir>  SCUBA  end  means 
at  minimising  them  should  continue  to  be  studied. 

0*  00  COMMUNICATIONS 

Among  tho  many  now  senastiona  experienced  by  the  neophyte  underwater 
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swlmmrr  Is  a  Sanaa  of  frail  quiet.  T>*  multitude  of  founds  he  cortuiually  hears 
in  hi  ■  natural  environment  all  but  disappear  as  he  dives  iota  the  sea.  lr>  its  place 
are  a  few  waterborne  sounds  from  nearby  motor  boats,  swimmers  breaking  the 
surface,  and  a  consciousness  of  the  swimmer's  own  "noisy"  breathing.  The  under¬ 
water  man  ic  now  in  a  medium  into  which  comnumiratianv  originating  in  thi  sir 
hardly  penetrate.  Airborne  sound  la  reflected  from  the  sea  surface,  while  Infra¬ 
red,  radar,  and  radio  are  strongly  absorbed.  Without  special  equipment  under¬ 
water  swimmers  are  cut  off  from  each  other  ana  from  their  parent  cruft. 

In  any  type  of  combat  or  rtiiswielaaance  te&si  ic.  the  armed  aervtc*v 
whether  it  be  an  satire  naval  task  fores  ora  It  man  army  squad,  communication 
in  oat  form  or  another  is  tha  nerve  center  at  the  operation.  Without  a  versatile 
and  adequate  means  at  communication  to  the  various  elements,  valuable  time  is 
consumed  sad  only  limited  and  inadequate  Information  can  he  transmitted.  Regard¬ 
less  at  the  extent  to  which  other  underwater  swimmer  aqiupaufd  is  perfected,  if 
a  poor  method  of  transferring  Intelligence  exists,  or  it  only  ana  means  is  available, 
the  missions  will  undoubtedly  be  extremely  difficult  and  may  even,  on  occasion, 
be  unproductive  of  results.  Because  at  the  p reseat  latch  of  an  adequate  means  of 
communication  with  tha  parent  craft,  current  doctrtna  for  Underwater  Demolition 
Team#  states  that  once  a  team  In  committed  to  the  water,  tha  action  c snoot  be 
recalled  and  la  laftesttlo  for  all  practical  pwrpaaaa.  Tha  Explosive  Ordnance 
Disposal  man  cannot  use  a  wire- connected  telephone  for  feer  at  actuating  a  mag¬ 
netic  mine.  The  oceanographic  research  swimmer  raanot  relay  his  obssrvationa 
to  the  surface  without  the  limiting  wire  —  and  bans  of  these  have  at  prase  at  any 
dm  ana  of  communicating  with  each  other  except  for  crude  measures  such  as  tapping 
two  iron  bars  together. 

Means  at  cemmuntrattm  are  needed  beta  sen  Individual  undarwatei  swimmers 
between  tha  swimmers  and  their  parent  craft,  and  occasionally  between  the  swimmer 
end  the  bench  or  aircraft.  For  convenience,  tha  .nsamsfratton  requirements  cm 
we  divided  into  soveral  categorise: 

1 .  Swimmer  to  etomnrgwd  swimmer  or  ssbmarisn 

1.  Swimmer  to  surfaced  swimmer  or  surface  craft. 

).  Swimmer  to  aircraft. 

4.  Swteanaar  to  deehstdo  or  oSM-  abacs  station. 

The  swimmer  ahoald  be  tote  to  transmit  and  receive  while  he  Is  completely  sub¬ 
merged,  operating  <n  SCUBA,  or  wUh  Ms  bead  out  of  Uw  water  breathing  air.  In 
all  cases  (except  aircraft)  the  medium  common  to  oil  rf  the  communicants  is  the 
water,  which  suggest!  it«  "»•  aten  far  crvnmuafc Wien  by  underwater  sound,  under¬ 
water  electric  potential  <UEP),  or  otter  means  of  energy  propagaton. 

With  tbs  except  tan  ef  the  special  MB-aiga  quire  .neats  at  EOO  person¬ 

nel,  an  analysis  at  UDT  -omm  ante  at  ten  require  me -*s  VU  apply  to  practl-ally  Jl 
otter  underwater  swimmer  comcjanlcation  seeds.  The  snows  UDT  mieslae 
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cover  tactical  attuatloaa  varying  from  operations  In  which  secrr  }  1*  o f  no  impor- 
tanca,  to  tactica  which  require  the  utmoat  in  atcelth.  CJbvioual/.  the  choice  of  the 
communication  method  to  b«  uaad  will  be  greatly  Influenced  by  the  tactica  to  be 
employed.  Available  communication  media  which  might  have  application  aingly, 
or  la  ayetema  combination,  aret 

1.  Radio 

2.  Infrared 

3.  Unde  reefer  electric  potential 

4.  Direct  wire 

3.  Undereater  eoond 

All  of  tbeee  methode  of  tranamlaeloa  and  reception  have  advantagea  and  diaad- 
vaotagea  and  their  employment  or  rejection  dene  ride  greatly,  but  not  wholly,  upon 
the  tactical  a  duct  ion  A  review  of  the  character  let  ice  of  each  may  be  enlighten- 

!*€• 

Flret,  let  tin  r  one  liter  radio.  Radio  can  furniah  eatlifactoiy  raaga;  it  can 
feraiah  adaquvte  bandwidth;  tt  can  be  acceptably  packaged  for  ail  known  assign- 
manta;  It  can  supply  two-way  lotaUlgeoca.  a  nacaaaary  factor  for  moot  attuationa. 
R  baa  two  disadvantage#.  Flret,  meeae  of  interception  and  countermeasures  are 
well  known  end  tholr  use  can  be  espactci.  Second,  and  probably  more  serious, 
once  the  user  goee  underwater,  communication  and  guidance  are  lost  uniese  a 
trailing  surface  antenna  la  uaad. 

1st  os  loafc  asst  at  Infrared.  Again.  Its  ranges  epnear  adequate  and  ‘ta 
p  Vagin*  can  ba  ac  -stable.  N  can  be  intercepted  he  an  alert  and  properly 
■gulped  enemy,  but  a  probable  has  better  security  then  radio.  It  la  severely 
affected  by  atmospheric  conditions  and  also  requires  an  unobstructed  path.  It 
will  be  difficult  to  equip  a  swimmer  with  satisfactory  transmitting  equipment  but 
receiving  equip m am  la  possible,  as  exemplified  la  the  so-called  "Beanie”.  Once 
the  swimmer  gone  underwater,  tbs  link  is  brakes.  (Refer  to  paragraph  04.  oo 
for  mure  on  infrared. ) 

Dow  ah aut  Underwater  Electric  Potential’  UCP,  having  been  a  rather 
neglected  means  of  communication  might  Initially  offer  a  considerable  degree  of 
esourtty  because  the  enemy  might  not  bo  expecting  tt.  Its  range  Is  probably  short, 
this  may  ba  a  disputable  point.  It  no  "cwbt  could  be  packaged  acceptably 
and  It  kaa  the  advantage  of  being  usable  by  either  surface  or  submerged  elements. 
M  uTiril  fair  to  state  Uud  UCP  cannot  yrl  bo  dismissed  and  serious  ftudie„  of  its 
bsbavior  abouid  ba  costumed. 

mat  is  the  cess  for  direct  wire  f  Unde  -  ala  tactical  situations  direct 
wtro  --  submarine  to  harbor  or  beach  ••  offer*  un.'.vaUonable  advantages.  It  is 
tbs  only  mean  that  offers  absuiute  massage  security,  4  can  eusUy  be  .  ackegrd 
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and  t*>e  equipment  can  be  very  simple.  It  may  very  well  fit  in  nirel  -:th  other 
mean*  of  communication.  For  instance,  aa  one  component  of  a  common. nation 
link  oetween  a  submarine  and  a  harbor,  or  beach,  the  wire  could  terminate  in  a 
remote  iuvi?~weter  eound  tranaducer  thua  concealing  the  true  location  of  the  *ub- 
marine  and  effectively  increasing  the  aonar  range  and  eecurity.  Ae  far  aa  ia  known, 
direct  wire  haa  never  been  uaed  in  UUT  but  ei.uy  of  ita  employment  for  UDT 
purpoeea  seems  Justified  in  view  of  da  relative  eimpliclty  and  high  eecurity. 

What  are  the  advantagea  and  die  advantage  •  of  communication  by  meana  of 
underwater  sound?  The  rangea  aeem  to  l.e  adequate  Peokaeiiqj,  for  awimmera 
uae,  although  at  firet  glance  apparently  quite  difficult,  ia  now  known  to  be  pos¬ 
sible  Security,  while  obvtoualy  far  from  abaolute.  ia  probably  adequate  under 
moat  condttiooa  The  eatabliabed  acceptance  of  aonar  --  and  the  eaietance  of 
aultable  as  1pm ent  on  aubmarlnea  and  aurface  ahipa  lenda  encouragement  for  ita 
adontioa.  Sonar  can  be  uaed  by  all  the  UOT  Clemente;  aubmarlnea,  boata,  eur - 
faced  and  eubmerged  c.-aft,  and  a urfaced  and  aubmerged  awimmera  at  all  timee 
and  under  all  weather  coodttlone  If  uaed  diacreetly.  and  a-iy  ayetem  of  radiation 
haa  no  real  eecurity  end  muat  be  uaed  diacreetly.  aonar  at  aesra  to  offer  more 
and  to  he  reetrtctod  leea  than  any  other  communication  raeane  except  the  d  rect 
wire 

Some  tried  made  la  of  on  underwater  telephone  (UWT)  were  made  by  OSRO 
during  World  War  Q  for  poooihle  uae  by  the  Maritime  Unit  of  the  CBS.  (it I  The 
epee  if  ir  el  tone  were  never  clear  and  work  waa  d  La  continued  in  June  IW  after  only 
a  few  experimental  mode  la  of  'JWT  ware  built.  Thsaa  utillaed  audio  frequency 
electric  currenta  in  water,  now  commonly  inferred  to  aa  underwater  electric 
potential  (U£P).  Rangea  of  approximately  140  yarde  were  obtained  between  awim¬ 
mera  and  too  yarde  between  boats.  The  experiments  were  hurried  and  develop¬ 
ment  waa  stopped  before  aa  ope  rationally  satisfactory  unit  was  produced. 

Another  wartime  development  (October  1044  In  March  1444)  was  aa  acoustic 
underwater  telephone  system  know*  aa  "the  Oueape",  consisting  of  three  units. 

Andy.  Mia.  and  Cheater.  Andy  teas  a  transmitter,  ihst  could  emit  aa  (00  cycla 
cw  naming  atrial  or  be  uaed  for  votes  eemmimleatten.  It  was  daai#and  fur  email 
boat  uae,  weired  It.  4  Ibe  in  air,  i  lhe.  In  voter  and  waa  about  >4r  aci.va  m 
vngth.  Min  woo  e  a  mailer  unit  uaed  aa  e  receiver  by  o  swimmer.  Cheater,  the 
third  unit,  was  a  small  transmitter  far  swimmer  uae.  The  mean  frequency  of 
operation  of  this  oat  d  telephones  was  Si  ke.  Rangea  up  to  tSOO  yards  an  voice 
and  44P0  ya.-ds  an  the  homing  tans  wore  abtalnab'e.  The  hearing  accuracy  of  the 
homing  signal  waa  about  I*.  The  device  a  were  never  used  ia  combat  ana  work 
waa  dlaceminuad  at  tha  and  of  the  war. 

The  U.  I  Navy  Underwater  Sound  L etc -story,  at  New  London,  has  been 
duelfnnted  as  the  reecwvasiblr  ae»m~  for  the  decel'>i>mert  of  elr'droolo*  upl-  m 
to  awimmera  ana  ampn.bioue  probleme  tt  haa  developed  a  new  unt*«  neater  awim- 
mer'i  telephone.  The  awunmer'e  tvo-eay  telephone  use  a  a  alula  aide  band  sup- 
<  pressed  carrier  type  at  modulation.  Uaint  a  catri  -  luency  of  •  0*74  kc  il 
I  eorka  with  eMher  the  AN/U()C-I.  or  the  Ait 'HOC- 1 'uu-rwater  telephona*.  tt 
l  transit  ita  wad  re*et*ee  the  .-peech  band  <d  i»C-»u00  rycieo  per  eveond.  tt  also 
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truumiU  bat  docs  not  receive,  an  I.  0*7  J  kc  ton*  on 
which  th«  parent  submarine  can  oot'ils,  via  JT  sonar, 
a  '.Marin/  accuracy  of  1*  on  Uta  ewunmer  for  navl- 
(ationaJ  purposes.  Tha  iwimnar'i  telephone  develops 
about  0.0  alactrlcat  watts  output  to  a  Iransducii  which 
has  about  4J%  efficiency.  It  has  as  operating  Ufa  of 
4  hours  from  its  sail  coUawat  battery  pack. 

Tha  swimmer's  ta  lap  brass  la  comprised  of  four 
units,  tha  telephone  proper,  tha  transducer,  tha  head¬ 
phones,  and  a  microphone.  Tha  telephone  proper 
including  a  six  hour  battery  pack  is  z.  rectangular  belt 
mounted  rubber  box  7"  long  by  2  J/4"  wide  by  S”  deep, 
pressure  proofed  to  100  pounds  par  square  inch.  It 
weighs  about  7  pounds  In  air  and  I.  i  pounds  la  water 
i neutral  buoyancy  will  be  achieved  in  new  models), 
it  has  two  controls,  s  selector  switch,  and  an  off-on 
switch.  The  bone  conducting  headphones  are  mini¬ 
ature  unite  and  are  also  pressure  proofed  for  water* 
tight  Integrity.  These  headphone.!  are  held  in  place 
by  mesne  of  a  specially  designed  as>. -cable  bend  Tha 
nslcroptiesn,  althouffi  waterproof,  la  arranged  far 
mount  lag  maids  a  face  manhj  If  used  with  an  Aqualung, 
the  swimmer  must  surfs**.  The  transducer  Is  a 
bar  turn  tttanat e  unit  roughly  tha  stsa  a_d  «etffrt  of 
a  two  cell  flaahlight.  Whan  held  hortsonteUy.  it 
has  a  IQS*  beam,  but  when  suspended  vertically.  Fig.  I  Uaaerwalnr 

as  from  the  swimmer's  halt,  U  la  owmtdUecUannl.  Telephene  ‘early  modal! 

All  the  a  led  rente  rompanan.  including  tubes,  are 

cast  in  ’eels  hi  plug-ln  assemblies  for  ruggodsnsa  and  sane  of  maidens  nee.  As* 
nark  ah  I  -  reliability  has  been  vcfcteved;  la  over  I  yearb  rovffi  tad  varied  use,  a* 
tube  or  sms  na»d  failure  has  occurred  ta  say  of  sis  leiephonee.  Figure  S  ebons 
sa  early  model  of  Mm  telephene  with  aa  iiammaud  mlcrophsas. 

The  performance  aa  achieved  la  Nary  evaluation  of  these  swimmer  tele- 
phenes  has  been  approalmstsly  as  follows:  a)  swimmer -to- awl  aimer  range  -- 
l,  0M  yds. ,  b|  swimmer  m  parent  edm arise  range  —  10.  4J0  yds. 

The  10. 00#  yard  »wlmmsr-lo  euhmarhm  range  he*  been  realised  threw 
the  davslapmaat  of  an  adapt  or  which  enables  tbs  submarine  to  utilise  He  hlgdy 
efficient  JT  transducer  aa  a  directional  recolv  >r  of  the  swimmers  trees  missions . 
Tha  Underwater  Sound  Labor  story  hen  boas  recently  its  vnt  mg  Ns  efforts  to  develop¬ 
ing  als.er  telephone  units  for  the  surface  craft.  These  In  general  are  auu>ilar  lo 
the  iwmaer'i  telephones,  but  of  hlffmr  power  lit  watts),  stt-  many  attaenmenta. 
such  as  towed  transducers  peculiar  to  bod  seeds.  With  thrae  squlpmswts  it  is 
expected  thd  surface  boats  w*U  be  able  to  con.  •  .  -  ate  with  all  elements  of  tha 
UD  r  operations,  end,  If  required,  to  direct  thrir  rat  lone.  Hue  gear  1> 

scheduled  for  Navy  evalvidio’t  ui  November  IMI,  February  end  Mucti  l til. 
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01,01  Conclusions  and  Recommvndaiona 

1.  A  satisfactory  means  of  underwater  sound  communications  among 
ra,  submarines  and  large  aur'aee  craft  utilising  underwater  aound  tiaa 
bran  developed  and  la  beliavad  ready  .'<>•  naval  |>rw_-r ament,  Underwater  aound 
cummur.kdioaa  equipment  for  uae  between  awlmmera  and  email  eurface  craft  La 
about  to  be  evaluated  and  should  be  ready  for  procurement  shortly  While  thin  la 
a  big  advance,  underwater  '.ouad  la  oat  necessarily  tecura.  ao  efforts  muat  con¬ 
tinue  toward  developing  a  oecure  undarwater  communication  (and  navigation!  system. 

t.  Underwater  Electric  Potential  (UCP)  and  direct  wire  methode  should  be 
farther  tnreettgeted  as  a  lie  mete  means  c t  underwater  coenmunicetlont  because  of 
their  greater  security  aa  compared  to  sonar 

09.  00  ELECT  ROM  1C  AIDS  TO  NAVIGATION 

The  difficult laa  of  undarwater  navigation,  resulting  from  the  absence  at 
land  marks,  the  abort  range  at  visibility,  and  Urn  marked  effect  of  ci  rente  on 
the  position  at  a  alow  mowing  object,  may  wall  prove  to  be  the  limiting  factor 
In  underwater  swimmer  op*  rations  Present  manna  at  navigation  wlt'i  a  compass 
and  flidtar  board  lessen* tally  slml'er  to  the  taut  wire  system  used  by  Marina  sur¬ 
veyors!  do  not  overcome  these  difficulties  but  they  have  the  advantage  that  they 
do  not  disclose  the  presence  or  the  position  of  the  swimmers  Any  eld  to  navi¬ 
gation.  ewch  aa  a  gliding  beam,  that  involves  energy  propagation  through  air  or 
water  greatly  mere  ease  the  risk  of  detection  end  at  least  partially  nullifies  the 
ability  to  oparaaa  secretly,  and  thus  to  achieve  surprise ,  whlvh  is  the  most  im¬ 
portant  characteristic  of  offensive  '  ode raster  swimmer  opera  turns 

Par  certain  missions,  such  as  mine  luting  at  underwater  inspection  In 
friendly  waters,  secrecy  la  nut  paramount;  for  cabers,  a  calculated  risk  of  de¬ 
tection  may  have  to  bo  takaa  in  order  to  reach  the  objective.  Under  these  con¬ 
ditions  aids  to  accurate  navigation  might  be  most  useful 

Two  type*  cf  electronic  navigational  ••■‘a  for  use  undarwater  are  conceivable 

I .  The  swimmer  may  follow  a  directional  beam  emitted  by  an  under¬ 
water  bsacon  or  cable,  or  by  a  parent  craft. 

i  Ms  stay  hlmatlf  smtt  or  relay  a  signal  which  gives  his  position 
to  the  parent  craft,  the  latter,  la  tars,  may  record  this  Udonnation  for  Mar  use 
or  transmit  guidance  Instructions  back  to  the  swimmer. 

The  advantage  o."  the  second  type  la  that  it  c"n  give  rangr  f -ir:  s  f,»ed 
reference  poos,  as  wen  aa  direcltv...  Tits  disadvantage  >s  Lie  Avion  wf  huiiI. 
which  inevitably  results  from  use  cf  a  noa-dlrectlonkl  transmitter  Hut  this  may 
be  minimised  by  sanding  only  short.  Irregularly  in*--  turn  tgnals.  in  either 
type,  the  thinking  and  computation  necessary  to  eons  t.  V  navigational  problem 
should  be  done  by  the  parent  c rift  or  beacon,  raihti  the-  by  the  awunmai 
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Uh  o f  *  guidance  bun  to  direct  underwater  iwmiisr*  ,.>uarda  bottom 
m'nea  «u  attempted  by  the  Navy  Electronics  Laboratory  *-  Na»lo.:il  Research 
Council  Cooperative  Research  Croup  on  Mina  Hunting,  in  the  summer  of  Ilf  I. 

Using  a  nodi/ led  and  waterproofed  standard  Zenith  hearing  aid,  the  swimmers 
were  able  to  fallow  a  *0  he  40*  fan  shaped  sonar  b-em  down  toward  a  *x*tom 
atlas.  Usages  at  only  20  to  JO  feet  were  obtained  with  the  breadboard  m  del. 
probably  because  at  the  very  low  power  output  at  the  transducer  ileas  than  1  watt). 
But  the  test  demonstrated  the  feasibility  of  using  a  narrow  acoustic  baam  to  guide 
tbs  swimmer  be  could  hear  a  tally  within  the  beam  and  aapartancsd  a  sharp  cutoff 
ao  bo  'aft  it. 

A  sacond  type  of  electronic  aid  to  navigation  has  been  Investigated  by 
workers  M  tbs  Underwater  Sound  Laooratory.  New  London,  as  part  at  that 
Labondory*e  program  of  electronic  development  for  underwater  swimmers. 

Using  JT  Sonar  to  lie  tee  to  signals  emitted  by  the  swimmer  telephone  described 
in  paragraph  OS  00,  a  parent  submarine  has  been  able  to  determine  the  bearing 
at  a  swimmer  with  la  1*.  By  sending  a  range  interrogation  pula#  which  is  relayed 
bard  front  the  awinuner'a  telephone,  the  submarine  can  measure  the  swimmer's 
rw^e  ah  well  aa  his  bssrlng.  Range  resolution  dowu  to  about  10  fast  has  boon 
r-talnad  la  preliminary  esperlnwRS,  and  it  is  expected  that  the  equipmsid  will 
operate  oat  to  about  4, 000  yards.  U  appears  feasible  lo  enclose  the  ranging 
aqntpmonl  within  th.  set  at  inf  Jwinunar  taiephanas  without  increasing  their  sis*; 

II  la  eapsctsd  that  the  equipmsa*  will  ba  ratify  for  dswonotratlon  during  the  spring 
■*  iff*. 

In  coops  ration  with  tbs  University  i  Michigan,  workers  si  the  Underwater 
Sound  Laboratory  have  its  vs  toped  sad  tested  a  series  of  infrared  equipments  for 
swimmer  sod  beat  navigation  above  water.  The  swimmer  unit 's  called  the  "Beams" 
and  id  a  small  metal  bon  (*"  a  If'  a  J 2  g  lbs. )  worn  on  top  of  dm  swimmer's 
besd  and  bald  on  by  a  bairns!  wtidi  slop  contains  earphones.  Tfc-  boa  contain*  u 
phutei  eutectics  roll  that  ran  receive  voice,  coda,  or  a  steady  tons  from  the  ship 
or  submarine.  An  «n-«*  switch  is  tbs  only  control.  Other  units  of  this  infrared 
family  are:  the  typo  "W,  a  20-pound  portable  voice  communication  unit,  typo  "S". 
a  M-pant  votes  cnmmuolrmor  unit  designed  primarily  for  submariao  use;  typo 
“C.  a  Urge  »<0- pound  receiver  for  4d,  and  120  epa  signals:  type  "K”  trans- 
inWsr  unit  for  a  If**  searchlight,  tbs  X-24B  Ut  Beacon  uosd  as  s  beach  marker; 
tbs  C-»  IM  Rasa  tear  ((  pounds)  which  renvsrts  infrared  images  into  visual  images 
els  strode  ally,  and  tbo  AM  IR  Receiver  which  uses  a  phosphor -button  to  convert 
tbo  Mfrared  Image  tads  a  visual  one.  la  add  lion  there  Is  under  development  a 
Ps  rise  apt  Ot  Commeadcation  system.  1  base  units  showed  premiss  during  teats, 
(■afar  to  paragraph  Od.  00  for  stars  an  lof raxed.  I 


M.  01  C  ancles  tons  and  Rosonunsndattond 

I.  Poet  roots  aids  to  aoeigotion  may  prove  useful  in  tyres  of  swh-imsr 
operations  where  set  racy  is  sol  pars  mesa,  or  where  s  calculated  risk  of  detec- 


1.  Premia  lag  r 'suits  have  been  obtained  in  preliminary  t.tslt  -.f  oath 
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.r-iouncv  beam*  and  two-way  communication  systems  for  undent  a'.r.  .i.viga'ion 
as  w  '.I  aa  with  infrared  equipment  for  uae  above  water. 

I.  because  una  at  electronic  aida  to  navigation  will  Inevitably  dunim-.n 
the  ww-t—ew  wi>a  which  'inbtrwetr  nw.alwM  .  an  he  conducted,  further  dc.clap- 
ment  anould  be  guided  by  an  ope r at !•  a  analyaia  of  the  navigational  and  other  re¬ 
quirement#  at  the  aeveral  applic.tu  m  U  awimmem. 

4.  The  difficulties  at  uadar-  att  r  navigation  resulting  from  the  absence  at 
lend  marks,  the  abort  range  at  x  .1  a.  rt,  ud  the  mr-h.cl  effect  at  currvr»e  an  the 
pnetllan  at  a  alow  moving  object  tr  ay  wall  p-ove  to  be  the  limiting  factor  In  under- 
eater  swimmer  ope  rat  lone  Unique  »ta'  inp  nloua  methods  a t  what  might  be  called 
"paaetve"  .'avigWIan  are  therefore  required. 

10  00  UNDERWATER  PHOTOGRAPHY  AVU  TELEVISION 

10.01  Imrwtwittun 


The  principal  military  use  at  ae.v  jtr  photography  and  telev talon  in 
to  relay  v  lava  I  aneUlgence  to  conaowndera  arc  other  a  who  need  it.  The  under - 

waled  ewlaaaaer  can  rarely  describe  what  he  me  eeen  with  aufficleot  accuracy 
and  mvmpleleaart.  Thin  difficulty  Increased  etth  depth  because  the  well-known 
■nrentlt  k’tda  at  breathing  air  or  inland  gases  under  pressure  bderfere  with 
lac  in  banking. 

By  rising  far  an  tootled  above  the  wmer  aurface,  the  urdaruratar  recon- 
aalaaaaee  swimmer,  equipped  with  a  auhwhle  camera,  (for  example  with  mg  raced 
film)  CM  also  aetata  close  4a  •daotographa  at  beach  and  ahore  lentallallone  which 
ant  only  wppln  a  at  his  verbal  daarnplioa  but  can  be  seed  to  determine  where 
he  has  been.  Where  mi 'ntaaaara  of  complete  tdnatrgence  an  the  onrt  id  the 
ewinueer  m  .  e paired,  tt  might  prove  feasible  to  equip  tbs  underwater  camera 
w«h  a  email  peritcapa  for  use  In  Ula  "pop-out”  photography.  Conceivable  use 
at  a  camera  eat*  aa  the  Land,  which  provides  an  leettaataimialy  drvtloptd  picture, 
eanld  aid  a  sort  dead  swimmer  to  lor  ate  limes  U  by  r  maturing  the  lafrarad  pha»- 
Wgl  ha  ban  tahan  wMh  a  aartae  at  relate  nee  phetegrapha. 

Until  recently,  the  eeceeady  for  using  bulky  diving  gear  in  operate  under¬ 
water  and  Cm  fan!  that  cameras  and  trirrtstoa  apulpaiem  sere  ilamay  and  Uard 
in  baadDa.  have  limited  mUhnry  and  fuh.tc  tater-at  la  lha  aria  at  unSerwatar 
phonography  and  lelewinim.  The  development  at  mil  contained  underwater  brwath- 
lag  apt  it  rates,  re  u  eat  advencee  la  imall  csmpaat  phatngrapblc  and  television 
rams  rue  and  the  lam  as  lag  popular  By  <d  underwater  swimming  have  aU  served  ad 
dttnwU  te  thin  field. 

The  intreealdg  rdlK  udereat  la  underwater  awtmmtag  has  *.  'ought  new 
people,  brisgtrg  with  them  oeo  ideas,  to  eolve  the  ^rohleme  of  -wierwtAer  {dudogi  •  ■ 

1  Vfvderwvder  demr, ‘Doo  mwn,  -'•eanlnts.  t»H»l«  »  «.  geologtetr  er*  heeoi  ,-q‘ete 
eleur  and  proleeelantl  phalogrtphert  ted  N*-y  -ee:  -A  worker*  have  uU  «lrm|l- 
te  tabs  better  uadtrwalor  pictures  Aa  t  1  vault  of  this  tew  baereet  nu  .\y 
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underwater  camera*  have  beer  developed  and  a  great  many  |  .ct'ir-a  taken.  Aa 
yet.  the  United  State*  can  :laim  no  results  eq-iv^ent  to  thoa*  produced  by  the 
Undersea  Reaearch  Group  of  the  Frernh  Navy,  headed  by  J.  Y.  Couateau,  which 
haa  more  to  advance  the  field  of  underwater  photography  than  any  other  agency 
oi  pvraun  Under  French  iea>i»r«nip,  -jrd»*~vi»t“r  photographs  have  graduated 
from  the  fuxzy,  kndiattnct  plctur-a  of  the  past  to  realistic  true  color  pictures  of 
the  world  underwater. 

10.  02  Problems  Associated  with  Underwater  Photography  and  Television 

Light.  U  nder  normal  conditions  photographs  can  bn  iaktn  with  natural 
sunlight,  with  good  results  to  depths  of  20  feet.  Below  this  depth,  photographs 
taken  with  natural  light  lose  contrast  because  of  the  scattering  at  the  light  and  the 
absorption  of  the  red  and  yellow  portion*  of  the  a  pact  mm  by  the  aea  water.  The 
narrowing  of  the  spectral  band  width  cause*  the  loas  of  ahadows  and  results  in 
flat  and  uninteresting  pictures.  As  the  light  becomes  weaker  with  increasing  depth, 
the  trts  of  the  camera  must  be  opened  This  in  turn,  reduces  the  depth  of  focus. 
Despite  these  difficulties  color  pictures  of  good  quality  can  be  taken  in  clear  water 
and  bright  sunlight  at  depth*  of  more  Ulan  SO  feet,  while  black  and  white  film  can 
be  used  with  natural  light  at  depths  greater  than  100  feet.  The  Prencn  have  achieved 
good  eucceos  in  water  aa  deep  as  200  fast  in  the  aicept tonally  clear  waters  of  the 
Mediterranean  Sea. 

Color  pictures  taken  below  20-10  feet  with  natural  lipd  have  a  predominant 
bins  coicr.  For  example  air  tanks  o f  divers,  which  are  a  bright  yellow  at  the  sur¬ 
face,  ohoiograph  as  blue  green  at  thee*  depth* .  The  use  of  a  magenta  filler  helps 
somewhat  to  restore  the  color  balance  of  deep  water  pictures,  but  the  reduction  of 
light  by  the  filter  la  uau-lly  toe  J**a*  for  good  results .  If  color  corrections  are 
desired,  Easy  can  beet  be  made  during  development.  For  still  colot  picture*  at 
depths,  good  results  have  been  obtained  by  Cousteau  (  T  |  with  ordinary  flash  bulbs 
os  s  11 /tit  source.  No  single  self  contained  artificial  ligat  source  is  yet  available 
for  underwater  moving  plctu.es. 

Turbtttty  The  turbidity  of  the  sss  depends  bath  an  the  particulate  matter  It 
eunpenefcn  and  the  pigments  dissolved  in  the  water.  Pure  water  la  relatively  trans¬ 
ported.  and  <a  it  photographs  could  bo  taken  at  great  distances  If  the  light  source 
were  sufficiently  powerful.  In  the  sea,  b  'waver,  light  is  scattered  as  it  passes 
through  the  pater  end  objects  el  *  distance  disappear  aa  if  in  a  fog.  Because  of 
the  hitter  organic  productivity  and  the  pr«  . enc*  of  particulate  matter  irnnpit  by 
rivers,  coastal  water  are  msra  turbid  than  water  far  from  snore. 

Various  outbade  have  been  attempted  >o  reduce  tbs  effects  due  to  sectoring, 
which  shows  up  ah  s  photographic  plate  as  "tiara  '  or  “fog”  Because  Infrared  red 
light  I*  not  scattered  aa  easily  aa  the  blue  and  green  wav*  lengths,  its  usa  has  been 
Suggested  to  overcome  the  effect*  of  scattering.  The  high  abaerptaen  of  Ih*  Ion;— r 
wav*  lengths  in  water  counteracts  this  advantay*  However  end  makes  tbs  use  at 
infrared  unpractical  Polar  nation  of  the  Ugte  u.  also  bees  attempted  to  reduc* 
scattering  effects  but  has  not  provan  aattaf  ct.  ry  U  cause  of  the  lose  if  I'.gbt  intensity 
during  polarisation. 
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In  extremely  t.rb.d  water,  pictures  may  be  taken  through  .-tear  plastic 
box  '  Led  with  filtered  eater.  Tt-u  methc-1  allows  the  phcSogrophei  to  unreal* 
the  field  of  view  Without  increasing  the  »•  •*  of  turbid  water  between  the  camera 

and  the  object  being  photographed.  The  A>./  equipment  required  limits  the  methtd 
to  special  situations.  Scattering  effects  from  artificial  lignt  sources  in  areas  of 
turbid  water  may  be  partially  eliminated  by  placing  the  lights  at  far  to  one  tide 
of  the  camera  aa  practical  or  as  close  to  the  object  as  possible  but  shielded  from 
the  camera  leae. 

10.0)  Underwater  Photographic  Equipment 

Present  status.  The  greatest  weakness  in  the  field  of  underwater  photogra¬ 
phy  today  is  unavailability  of  reasonably  priced  equipment.  Cameras  commer¬ 
cially  available  at  the  present  lime  are  expenaive  and  m  most  cases  are  imports 
from  Prance,  Britain,  or  Italy  Although  they  are  in  general  excellent  equipment 
many  are  not  designed  specifically  for  use  by  military  underwater  swimmers 
Presently  available  commercial  American  cameras  are  at  excellent  quality  bid 
are  quite  expensive  and  rather  heavy  in  air.  Present  Navy  underwater  cameras 
are  too  bulky  for  use  by  underwater  swimmer* 

Many  uade  i-water  cameras  have  boeo  developed  by  American  skin  divers 
and  other  amateur  underwater  swimmers.  Developments  by  and  for  these  group* 
are  potentially  a  rick  source  of  ideas  and  equipment  for  military  swimmers. 

Still  -amarae  A  still  camera  for  use  underwater  should  be  inexpensive 
(coot  less  than  tiuoV  because  at  the  danger  of  toes  and  flooding  with  sea  water. 
Underwater  cameras  can  be  made  from  several  existing  commercial  air  cameras 
by  simply  enclosing  them  in  v-ater-tigft  casing*.  This  method  is  deetrabU  as  It 
allows  tha  underwater  sxunmir  tc  use  the  camera  in  air  to  take  pictures  of  the 
beads,  and  to  replace  with  little  effort  cameras  which  have  become  damaged  or 
Inoperative.  The  quality  at  "Of' -ring  seals  has  Unproved  to  the  extent  that  they 
cao  be  wood  on  all  outside  control,  without  danger  of  leakage  Wdh la  the  depth  limits 
of  tha  underwater  swimmer.  The  case  should  bo  made  of  a  strong  light  material 
ouch  an  aluminum  or  luclte. 

Luc  Its  has  boos  uood  with  good  success  to  encase  camera*  at  the  U.  S. 

Navy  Electronics  Labor  story,  sad  by  Or.  Hu^<  Bradner.  It  haa  tha  advaidage  of 
being  transparent,  thus  allowing  the  operator  to  toe  »hat  la  happening  when  he  is 
taking  pictures.  Cameras  having  a  reflex  actio*  are  desirable  for  accurate  focut- 
lag  unite rw else.  A  Xi0»  meter  should  b*  placed  in  the  earners  cate  for  accurate 
determ lnasioo  at  exposure  t'ma  and  aperture  setting.  The  camera  cxee  should 
hove  the  following  external  coetrois:  I)  film  advan.e,  either  automatic  o*  manual; 

1)  irte  control;  II  focus  control;  and  t)  shutter  speed  >  ontrol.  |r  addition  the  case 
should  be  designed  an  that  >t  can  he  opened  and  closed  raptdlv 

The  choice  of  e  camera  to  be  used  in  the  underwater  rai  era  case  depends 
on  th*  type  at  » w a  to  »*  dun* . 

Motion  picture  cameras.  Moot  eg  the  desirable  characteristic*  eg  ’.till 
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cvntru  appiy  to  motion  picture  equipment.  Case*  ahould  be  designed  around 
commercial  16  mm  or  IS  mm  pres*  camera*  equipped  with  wide  angle  lenaee. 
Exterra!  control*  should  include  mechanical  wind,  w-off  trigger,  irla  and  focua 
control.  Window*  on  both  end*  of  the  caae  are  deairable  to  give  vlaioj  through 
the  caae  and  thu*  better  determination  ot  the  lit  id  being  photographed  a*  well  a* 
a  view  of  the  working  part*  of  the  camera.  A  ellght  poeitive  buoyancy  la  uaeful 
became  It  keep*  the  head  of  the  diver  In  an  upright  poatttoa  and  permit*  recovery 
of  the  camera  If  it  la  dropped.  A  light  meter  ahould  be  placed  In  the  ca  .iera  in 
auch  a  way  that  the  light  eenadlve  element  Is  aff»-*.ed  b>  the  fame  I'va  aa  the  len* 
of  Uw  camera.  A  view  at  the  footage  counter  la  alao  aaaenttal. 

10. 04  Underwater  Tale  via  ion  Equtpenant 

In  1444,  in  connect  Ion  with  the  reaurvey  of  Bikini  Atoll,  television  wan 
adapted  to  e  houeing  for  uae  underwater  for  the  firat  tun*.  Thin  initial  uae  of 
TV  was  made  possible  by  the  development  at  the  image  orthlcoe  tube  which  is 
sensitive  to  extremely  low  light  Intensities.  Although  few  useful  ecieatific  result* 
resulted  from  this  test,  it  demonstrated  the  feasibility  of  underwater  television. 
Recently,  attention  has  again  been  focused  an  underwater  TV  because  of  the  success¬ 
ful  Idea* if ic st ion  at  the  eunfcei.  British  submarine  AFFRAY  at  a  depth  of  110  feet 
la  the  English  Charnel  after  Cie  wreck  was  located  by  a  oner. 

The  above  equipments  required  a  housing  about  the  alas  eg  a  M-galitm 
drum,  a  tripod,  and  aeve-al  cablet .  Although  underwater  ewlmmer*  or  divers 
can  anatat  eomewhat  in  the  maneuvering  of  such  ponderous  gear,  their  alee  is 
auch  that  these  equipments  tend  to  supplant  rather  than  supplement  the  underwater 
swimmer.  However,  with  receatlv  developed  photo- canf  ctlve  tubes  each  as  th» 
Vidicoa,  it  has  proved  possible  to  build  a  llgnt  and  compact  televlalor  camera 
One  such  camera  (the  RCA  ITV  eerteel  weighs  about  10  pounds  and  la  about  the 
site  of  e  14  mm  cine  camera  so  that  it  can  be  readily  housed  in  a  caae  which  aa 
underwater  swimmer  can  ham*'#.  This  equipment  requires  a  monitor  on  shipboard 
but  a  cab  la  as  tang  as  400  fast  can  ha  uaod  between  the  camera  and  the  moador. 
Although  the  length  at  cable  is  sufficient  for  vertical  descents  below  a  ship  it  does 
not  allow  muoh  hortaomal  maneuvering,  .he  equipment  ahould  prove  useful  for 
min*  Identification.  salvage  operations,  and  inspection  of  unoe neater  structures, 

for - r'~  an  underwater  swimmer  might  locale  a  mine  but  not  know  how  to 

disarm  It.  Tha  TV  camera  then  would  be  useful  in  relaying  a  picture  of  the  mine 
to  an  ordkumoe  expert  at  tha  surface  who  could  give  detailed  instruct  ton  on  the 
method  of  disarming. 

The  main  advantage  of  television  over  t'  *  cine  camera  la  the  instantaneous 
relay  at  visual  lots  HI  fence  to  an  expert  observer  st  the  surface  However,  the  . 
picture  quality  at  television  la  atUl  much  poorer  than  phutotrraahv.  This  is  we. 
pec  tally  true  at  tha  thermo  sensitive  tube*  which  display  roe*  He.  cable  "memory 
effect'*. 

Present  TV  cameras  are  about  as  sensitive  ••  light  Intensity  a*  tbs  .warn 
ayu.  However,  it  is  dlTtcult  *.o  obtain  efficiently  wide  angle  vision  Like  the  uu, 
elded  rye  and  the  photographer*  camera,  undcrnel -r  telex  Von  la  lushed  by  tha 
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turomity  of  the  water  By  electronically  enhancing  contrast,  or.d  bv  increasing 
the  r-raitlvity  of  television  tubes  to  long  wave  lengths  (thus  reducing  e.'i  :te  of 
scattering)  it  may  be  possible  to  develop  TV  cameras  which  are  considerably 
more  effective  than  the  eye. 

10.  OS  Cone  1  us  ions  sad  Recommendations 

I.  Underwater  cameras  sad  accessory  equipment  are  not  readily  available 
In  this  country  for  scientific  or  military  uae  by  underwater  swimmers  and  those 
units  that  are  available  are  very  expensive. 

I.  Equipment  which  la  available  la  moet  casaa  has  been  designed  for  tdher 
types  of  diving  and  la  not,  In  general,  applicable  for  operational  uae  by  underwater 
swimmer#. 

J.  Exchange  of  information  with  French  and  other  foreign  underwater 
ewtmmere  end  photographers  should  greatly  aid  development  of  adequate  United 
States  photographic  equipment  for  military  and  scientific  uses. 

4.  Unde  renter  television  equipment  manipulated  by  twinimere  should 
prove  useful  for  identification  of  mines  sad  ether  submerged  objects,  for  salvage 
operations  sad  for  inspection  of  unde  renter  structure.  The  possibilities  of  elec¬ 
tronically  enhancing  contrast  suggest  that  underwater  television  msy  bn  mads  mors 
effective  than  the  human  eye  as  a  means  of  seeing  underwater. 

11.00  SHIPS.  BOATS  AND  CRAFT 

11.01  Introduction 

The  limited  range  of  unassisted  ewtmmere  (particularly  if  they  must  carry 
equipment  u<  explosives)  makes  It  neceaaary  to  transport  them  as  near  to  tha 
objective  ae  possible  At  present,  reconnaissance  swimmers  are  carried  almost 
to  tha  objective  la  Urge  ships  (APO  or  submarine!,  which  approach  to  a  asfs 
distance  and  put  the  swimmers  off  in  small  craft  (LCPR'a  or  rubber  boats). 

These  else  approach  to  a  aafa  distance,  which  may  be  all  the  wsy  to  shore  ur 
several  hundred  yards  off  the  beech,  before  the  swimmers  and  their  gear  are 
finally  released. 

The  desirable  characteristic#  of  smell  r “aft  for  underwater  swimmers 
depend  on  the  kind  of  werk  the  men  are  expected  lo  do  and  tha  nature  of  the 
mother  ship.  When  operations  meat  be  conducted  wrth  stealth,  tha  boats  should 
be  quiet,  hove  low  eeaar  target  strength,  end  be  d.ntcuit  to  tee.  either  vtsuelly 
or  with  radar  If  search  end  survey  equipment,  camera",  exploeivoe, buoys,  or 
•qher  hnivy  gear  see  t«  he  ueed  stowage  space  must  provided  ut  the  boats.  Tor 
landings  on  ocean  beaches,  the  craft  must  have  good  aurf  characteristics  It  must  _ 
*>»  deiigneo  for  easy  *-endl  ng  and  stowage  on  the  rr.  "her  ship  (twiltrularly  if  the 
latter  is  a  submarine)  If  it  la  necessary  to  hide  .  it  tehore  It  must  be  light 
and  easy  to  handle  out  of  water  For  nearly  ell  le"H#  <-*.  boat  should  be  sturd- 
end  capable  of  high  speed  o  w ret  on 
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For  extended  underwater  search,  penetration  of  enemy  liarbcra,  or  optimum 
effectlveneaa  in  aecret  reconnaiaaar.ee  of  enemy  ahorea,  a  mechanical  meana  of 
propulsion  under  water  la  needed  to  lncreaae  the  awimmer's  range  and  apeed. 

Thia  ma«  be  either  an  equipment  *o  aid  thr  »w tmmer  or  a  »i>hm»raih'« 

which  will  carry  two  or  more  men  and  their  equipment. 

1 1 . 02  Parent  Ship# 

The  APD.  The  eurface  vessel  meet  commonly  used  as  a  paitu  ship  for  the 
UDT'a  is  the  destroyer  transport  (APD),  about  106  feet  long,  displacing  approxi¬ 
mately  1(00  tons  In  fully  loaded  condition,  and  varying  la  maximum  apeed  from 
22  to  21  knots.  In  addition  to  space  for  crew  and  ship's  officers,  these  ships 
have  quarters  for  12  officers  and  110  men,  bid  they  sometimes  carry  two  under¬ 
water  demolition  teams  (26  officers  sad  200  men).  Messing  facilities  are  inadequate 
even  when  only  one  team  la  embarked  and  the  supply  of  (rash  water  is  often  severely 
restricted.  There  Is  no  shop  apace  for  the  UDT'e  to  use  In  maintaining  their 
equipment  and  la  repairing  their  boats  and  suits.  The  boat  davits  are  unsatisfactory 
for  boat  handling  In  rough  weather,  sad  the  positions  of  the  boats  In  the  davits  while 
the  ship  Is  underway  make  It  quits  inconvenient  to  work  on  them. 

Submarines,  There  are  no  submar  lass  specifically  designed  as  parent  ves¬ 
sels  for  Underwater  De  mol  It  ion  Teams.  UDT'a  la  Korea  have  at  times  worked 
from  one  of  the  two  sub  marina  transports  IASSP)  now  in  operational  use.  Although 
the  tV.  ck  hangar  on  the  ASbP  is  large  enough  to  house  a  boat  the  siss  of  aa  LCPR 
the  problem  of  carrying  the  awimmer's  craft  on  a  submarine  should  be  further 
studied.  Should  they  be  towed  or  carried  la  cradles  or  tubes  oa  the  deck?  How 
then  should  they  be  protec* ed  again'!  pressure  ?  Should  they  be  carried  inside 
the  eubmerLieT  The  transport  of  any  aurfaco  craft  aboard  a  sub  marlin  aad  the 
inherent  requirement  thnt  it  be  launched  on  the  surface  fail  to  capitalize  on  the 
most  important  feature  of  the  mother  submarine  ••  its  relative  Invisibility  whan 
submerged. 

A  meana  for  more  rapid  egress  and  re-entry  through  the  escape  chamber 
of  the  submarine  Is  needed.  At  present  the  men  welt  to  go  out  2  lo  S  at  a  time. 
Coming  heck,  they  are  takes  in  hoard  la  groups  of  three.  Serious  difficulties 
arias  if  the  ewtmmera  have  nearly  used  up  'heir  gss  supply.  These  might  be 
alleviated  by  fitting  breathing  tubas  outside  the  eubmartae  null,  which  ths  men  could 
use  on  their  return  from  a  mission.  Such  t'i*.e#  carrying  air  or  a  gas  mixture 
would  also  be  moot  helpful  If  the  men  heve  been  breathing  oxygen  in  operations 
el  shallow  depth  aad  than  muat  descend  to  100  feet  or  more  In  order  to  re-enter 
the  submarine.  Using  e  tank  .'feigned  by  Sellout  (10)  the  Italians  have  been  able 
to  lock  and  unlock  12  men  per  minute  Into  or  out  of  a  submarine.  (Refer  to  para¬ 
graph  nt  on  In  Submarine  nerllon  ) 

11.01  Small  Surface  Craft 

The  LCPR.  The  LCPR  it  the  standard  UPT  t.  ..unnatasaare  cry**,  ’’ns 
LCCL  (similar  to  LCPR  but  without  a  ramp)  Is  also  used.  Both  art  an. ployed  to 
transport  swimmers  and  (halt  gear  from  the  parent  craft  to  l ha  launching  positions. 
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to  move  tlie  explosive*  and  equipment  --f  the  team  ashore  after  "D"  i'»y.  and  for 
man]  .Tiiacrllancou*  purposes.  These  heats  are  36  feet  long,  II  foot  beam,  weigh 
18,  000  pounds  m  lioiating  condition,  and  are  capable  of  12- 1<  knots  if  they  are 
"souped  up"  and  the  armor  Is  removed.  They  carry  a  portable  radio  to  contact 
the  mother  ship,  but  usually  do  not  *>:»•»  echo  nou"<*er»  or  other  standard  navi¬ 
gational  gear.  They  get  their  approximate  location  off  the  beach  by  dead  reckon¬ 
ing  from  the  release  point,  by  radio  guidance  from  the  mother  ship,  and  wnenever 
possible  by  visual  comparison  of  the  shore  with  serial  photographs.  Because  of 
their  high  silhouettes  thess  boats  can  be  seen  In  clear  weather  for  about  S  miles. 
Swimmer*  are  launched  overside  from  a  7 -man  rubber  aoat  (towed  on  tlic  port 
side  aft)  and  picked  up  underway  in  a  similar  manner.  The  large  bow  wave  pro¬ 
duced  by  the  LCPR  seriously  Interferes  with  this  operation. 

The  following  requirements  for  a  small  surface  craft  have  been  suggested: 

1.  The  boe*  should  fit  standard  davits  on  APD'a  (or  better  davits 
should  be  designed). 

2.  The  silhouette  should  be  aa  tow  as  possible. 

1.  The  gunwale  should  be  sufficiently  low  to  permit  easy  handling 
at  a  rubber  boat  so  that  swlmme  rs  may  board  or  go  overboard 
easily. 

4.  Good  visibility  la  needed  for  the  coxswain,  to  facilitate  swim¬ 
mer  pick  up. 

5.  The  boat  thwild  be  able  to  beacb  aad  operate  In  the  surf. 

4.  11-20  boat  speed  1*  desirable  --  with  lowest  possible  bow  wave 
to  keep  from  swamping  awknunars  and  to  reduce  visibility. 

7 .  A  screen  should  be  fitted  oa  one  side  so  that  swimmers  going 
over  the  other  aide  camel  bo  see  a. 

0.  M-callbor  or  10-caliber  machine  gun  mounts  which  do  not 
obstruct  the  coxswain1*  view  are  desirable. 

4.  The  boat  should  be  ll^dly  arr.  ored  oa  th*  aides. 

Id.  I  Uam  ape  res  loo  at  three-quarters  spaed  la  desirable. 

II.  A  waferproef  stowage  compartment  should  be  provided  for 
the  radio  and  there  ihould  be  a  permanently  Installed  antenna 
biic . 


Tlie  Bureau  of  Skip#  has  prepared  preliminary  des.g.  a  a  boat  to  succeed  the 
present  LCPR  A  port  lor  of  this  craft  will  be  ecmt'ste.  -  covered  and  ht«**d. 

The  boat  will  have  a  self-  baiitag  vackptt  where  the  swlmme.*  get  la  and  out  of 
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Oo  t he  cents r  line,  'ft  of  the  coxswain,  it  to  be  a  50-cr-llber  twin 
machine  gun  mount.  The  coxawa'n  wUl  be  able  to  ait  or  ntand  it  he  likea  in  auch 
a  position  that  he  can  ace  hit  line  at  tvimmeri  for  pickup  operations.  The  beat- 
officer’s  location  ia  an  open  cockpit  on  the  port  vide.  A  300  horsepower  dieael 
angina  will  be  metalled .  But  it  ta  believed  ? n-  knot  requirement  cannot  be 
fulfilled  vale  as  a  gasoline  angina  la  uaed.  Tie  boat  haa  a  low  gunwhale  on  the 
port  aide  for  dlac barging  awimmari.  Parhape  the  low  gunwhale  and  acrean 
faaturea  should  be  interchangeable  ao  aa  to  me  rears  flexibility  in  iwrface  UDT 
tactlca .  A  difficult  design  problem  bee  also  arisen  because  at  the  attempt  to  pro* 
vide  stows  fa  space  for  l,  000  pounds  at  explosives.  This  may  be  on  excessive 
require  meat. 


Rubber  boats.  The  7 -man  rubber  boat  (formerly  the  LCR,  now  IBS!  ia  cur¬ 
rently  a  most  Important  piece  of  UDT  equipment  and  ta  used  on  almost  every 
surface  operation;  for  launching  and  picking  up  swimmers  from  the  LCPft,  for 
transporting  swimmers  when  a  moderate  degree  of  stealth  is  required,  for  recon* 
ca Lassoes  in  cold  water,  for  sounding  and  profiling  whaa  conditions  allow,  ami  for 
mowing  explosives  to  the  beach . 


Presently  used  boats  are  hanvy  (US  pounds)  awkward  to  handle,  difficult 
to  hide  on  the  beach  and  to  lift  aboard  the  LCFR  They  are  quite  durable  and 
rugged,  however,  and  capable  of  qaitt,  foolproof  operation.  Some  boats  are 
Inflated  by  COj  bottles,  others  by  manually  operated  pumps  (which  taken  about 
a  lx  minutes).  Recent  information  from  Korea  indicates  that  they  can  be  tracked 
by  radar  at  distances  up  to  4, 000  yards 

An  Improved  rubber  boat  should  be  lifter,  at  least  a a  stiff,  and  tear* 
resistant  as  present  craft .  la  the  present  boat,  stiffening  la  provided  in  part  by 
a  removable  corrupted  met  which  la  Inflated  to  make  a  rigid  deck  aided  by  a 
l"  apooaoa.  sad  la  part  by  the  heavy  material  of  the  boat  itself.  A  statistical  study 
of  puncture  note  locations  ia  tbs  present  lefts  might  allow  the  use  of  materials 
at  varying  thickness  to  save  *  right  in  the  lees  exposed  arses  Tne  mere  reduction 
at  watjprt  would  make  the  boats  easier  In  handle  and  would  doubtlaac  reduce  the 
puncturing  somewhat  even  though  a  lighter  weight  materiel  were  used.  A  specially 
reinforced  sect  inn  la  required  to  held  anthers  aad  heavy  sharp  objects. 

A  new  7*maa  rubber  boat  haa  boon  built  by  the  International  La  tax  Compare. 
Although  It  weighs  only  about  01  pounds  It  In  aa  Is  to  be  aa  rigid  aa  Urn  present 
modal.  Its  durability  remains  to  be  proven.  Flotation  is  given  by  It  separate 
bladders,  ail  Inflatable  at  one  lima  from  a  common  air  supply  In  the  splash  rail 
that  encircles  tha  boat.  The  bladders  are  made  of  polyvinyl  chloride  (each  can 
bn  replaced  separately  when  necessary)  bet  the  rather  fragile  plastic  materiel 
ta  protected  by  a  very  heavy  nylon.  The  bladder  a  can  easily  be  repaired  *a  the 
field  with  e  special  tape. 


ftaddleboarda.  ftddleboarde  have  proved  «•  I  whle  tr  me  UDT’q  and  should 
bn  re-evaluated.  Ten  types  twee  been  used:  oci«,  .is  stock  board.  In  of  at xrdy 
covet  met  km  and  capable  at  carrying  a  load  . 1  il#  pi  inde  pine  the  ope  atm  ft 
can  travel  one  mile  ta  epprosimstely  IS  muwUa.  The  other  type,  the  racing 
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board,  ia  of  fragile  construction,  car-lea  only  a  minimum  of  weight,  and  must  be 
hand  t-d  by  an  expert.  It  can  travel  one  mile  in  approximately  12  muiut.a. 

This  difference  in  a  peed,  balanced  against  the  conaummate  skill  required 
for  the  racing  board,  does  not  Seem  to  justify  use  dthe  latter  for  military  purposes 

Other  surface  craft.  Recently  the  Bureau  of  Ships  investigated  s  small 
"eklm  boot1'.  It  la  essentially  a  surf  board  with  an  outboard  motor  fitted  on  tne 
bow,  with  an  underwater  exhaust  to  reduce  noise,  capable  of  25  knots  with  a  10 
horsepower  engine,  sad  carrying  two  men.  A  boat  of  this  type  would  be  valuable 
for  high-speed  reconnaissance,  for  use  oo  a  night  operation,  or  for  an  emergency 
pick  up. 

Another  craft,  the  British  commando  Kayak,  haa  been  tested  in  Koras 
and  found  useful  ae  e  replacement  a d  the  rubber  boat  on  racoons  La  tones  missions. 

An  ham  at  equiprnem  which  could  well  be  Improved  is  the  presently  used 
two-man  "flying  mot”  --  a  small  rubber  raft  equipped  with  a  email  portable 
electric  motor  and  batteries.  Extreme  difficulty  in  securing  the  electric  motor 
wtth  clip-on  devices  seems  the  mala  abjection  to  the  flying  mat.  The  flying  mat 
la  ideal  for  nl^at  surface  stealth  work,  and  it  is  useful  equipment  for  UDT'a. 

Its  drawbacks  might  be  rectified  In  a  minimum  at  time . 

11.04  legal  I  Mmersffcles 

Uaaa.  Whenever  tt  la  neceeasry  to  operate  near  an  enemy  held  shore  ia 
aa  complete  secrecy  aa  possible,  the  approach  to  the  objective  must  be  made 
under  water.  The  first  pert  <~f  the  spr-oseh  con  be  made  In  a  fleet  type  submarine, 
but  these  1500  ion  vessels  rasa  of  operate  submerged  in  water  shallower  ‘haa  ho 
feet  and  depths  lean  than  140  feet  are  cotie  ids  red  hesardoue.  The  final  tirnmerged 
approach  murt  he  made  by  ewtmmlng,  or  ia  a  small  submersible.  On  many  coasts 
throu0Mnt  tbs  world,  depths  less  than  4C  feet  extend  am  several  miles  from 
shore,  la  these  areas,  evee  men  equipped  with  SCUBA  would  not  hove  enough 
breathing  gas  to  swim  the  distance  and  return.  Moreover,  they  would  be  seriously 
fatigued  wheo  they  rea rhad  their  objective  after  their  swim  at  several  hours.  To 
dupplernem  their  ewtmmlng,  th*y  must  have  a  small,  powered  submersible,  or  a 
mechanical  me  and  at  individual  underwater  pr  pulsion 

la  World  War  n.  the  Italians  and  the  hr" tab  pioneered  la  the  use  at  small 
euhmerslblsa  for  MeeMby  attacks  on  shipping.  These  croft  can  also  be  used  to 
carry  demolition  and  other  gear  for  swimmers,  to  conduct  rapid  Mid  accurate  re¬ 
connaissance  at  •  Teeny  held  user -shore  sreea,  for  harbor  defense,  and  possibly 
for  terminal  guidance  to  long  range  miieilea. 

It  ahauld  be  emphasised  that  because  of  the  email  number  men  who  can 
be  transported  la  a  midget  euomeriible,  the  general  see  of  there  craft  might 
markedly  altar  the  doctrine  and  lactic •  at  such  gr->,a  t  UDT'a. 

Types,  snail  asbmtrelh.ee  can  be  divided  Into  two  claseee: 
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1.  Open- cockpit  ci  aft.  1 a  which  the  compartment  Odup.ed  by  the 
crew  is  flooded  when  submerged  The  British  Sleeping  Beauty 
(SB)  and  the  Italian  SSB.  are  examples  of  this  class. 

2.  Closed- cockpit  craft  In  which  the  crew  compartment  is  tilled 
with  air.  The  British  oue-mac  Wellman  boat,  and  chair 

X  Craft  <  1-man  midget  submarine)  are  of  this  type. 

Present  status,  there  are  at  p  rear  at  no  V  !.  made  email  md>-»eretblee. 
Several  email  foreign  models  have  been  tested  including  the  British  Welimaa. 
Sleeping  Beauty  (SB).  X  Craft,  and  the  Itailaa  SSB. 

The  Sleeping  Beauty 
la  a  one-man  open -cockpit 
craft,  self  propelled  by  e 
email  electric  motor.  On 
the  surface  it  can  be  towed, 
sailed,  paddled  or  driven 
by  its  own  propula  ion 
system.  Its  desisted  under¬ 
water  speed  is  2 . 5  knots, 
hut  UDT’e  have  never  boss 
■Me  to  achieve  more  than 
two  knots  wttb  it;  lie  Oper¬ 
ating  range  in  10  to  20  milm. 


The  closed-cockpit 
Wellasea  bod  carries  one 
men,  wtlpi  about  24  tone 
and  la  20  feet  long.  Its 
maximum  speed  la  ehovt 
4  knots  and  its  range  at 
this  speed  to  about  M  miles 
It  carries  a  MO  potato  war¬ 
head  which  to  manually  de¬ 
tachable  frost  the  craft  by  Big.  1  The  Sleeping  Beauty.  Nate  alee  the  nylon 
the  ope  rater.  toll  ape  Bit  beet  to  foreground  and  render 


The  X  Craft  to  a 

midge  ‘  aWMMrlne  M  feet  long,  Staples  lag  20- M  tone  and  carrying  eg  to  five  men. 

The  Belton  SSB  to  e  1-men  open- cockpit  craft  powered  with  e  lj  horsepower 
motor  and  capable  to  submerged  speeds  ap  to  five  knots.  B  carries  water  ballast 
to  internal  tanka. 

The  Burwee  to  Ships  has  drown  up  a  pro*  ry  detipi  to  as.  jpea- cockpit 
craft  a  Ur  liar  to  the  Sleeping  Beauty  and  to  a  ch>-*d-  -cckpN  21-  to  «<*-*<»  ir.dget 
submarine.  A  contract  ban  bran  tot  to  the  Fair  chile  Aircraft  Corp.  (Engine 
Division)  foe  this  latter  craft. 
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i  Opr  a- cockpit  t  kit,  in  ehith  the  compartme  *  ipled  hy  the 
r re»  le  r.oudrd  ehm  aubmerged  Tin  British  Sleeping 
ISM)  u<  the  Ualiaa  SS3.  are  tatmpiaa  ad  ttu  claaa 

I  vli>—  v.-j;  j.  » 1...  ca.v.f ».  t.-ntra  :j  f Tiled 

With  >ir  Tlaa  Brdiad  oue-maa  Wallmaa  boat,  aad  their 
X  Craft  (  I  mi  midget  NkairtMl  in  of  l* la  type 

P-eerM  itdm  there  are  at  preeent  ro  U  S.  made  email  iidmtraibld. 
Several  e.aali  foreipi  models  ham  beea  lasted  including  Ida  Brdtaa  WeUaaaa, 
Sleeping  Beauty  (SB).  X  Craft,  aad  the  lUUaa  US 


The  Ballad  MB  la  a  t-maa  .Jpea-cutepa  craft  p— it  rad  add  a  ?(  hureepeeer 
adir  aad  tap  adit  ut  eoemerged  apaada  up  to  tiv«  haada  II  c»rriee  a  ate-  bail  art 

Jk  tiieir  aj  lanaa 


The  Bureau  ad  aatpe  baa  drawu  up  a  pr-  '  ary  daei#t  ad  aa  apaa  eachpd 
craft  ataaliat  le  Ike  Sleeping  Beauty  aad  o.  a  tioee.  cueapd  it-  to  «C-taa  midget 
■ite  .  me  A  ceutra.i  hae  teas  idlaBe  t  aired ti_  Aircraft  Carp  ,  rglae 
Dt«ia  tml  'or  idle  latter  craft 
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Dcairabla  di»rtrttmiic»i 

1  Tfca  craft  abould  have  a  aubantrgod  r nuatag  apead  at  at  laaat 
4  koota.  Tku  minlmun  iiAinafH  apaad  ta  aaeaaaary  to 
farU<»»«r  a  liui.hi.';  •*-■!  rr'-  **-<ng  of  tfca  boat  from  mo*  tag 
anaiirl— ,  to  aoafcla  It  to  pt-Gcood  at  wilt  la  aroaa  at  at  roof 
carraato.  to  radaca  Ida  lima  ragairad  to  carry  oat  a  mlaatoa. 
and  to  facUltaaa  aaaalaa  laaoaaaar  tmdar  attack.  Tfca  hi^taal 
paaaifcla  atarlntwn  apaad  canola  loot  wttfc  otbor  ratttilranmnta 
la  daalrafcla  tor  tfca  lottar  two  parpoaaa.  bacaaaa  tua  <  lab  of 
datactlon  will  iacraaoa  wttfc  tho  tuna  that  tfca  craft  la  Id  anamy- 
hald  watara,  aaad  da  rfcancaa  far  aaaaloo  dapaod  alntoat  ndlrrly 
oa  aataunad  apaad. 

1.  Tfca  rafcitlrad  aithaurgad  aodaraoca  tuna  la  dapaodat  ad  tfca  typo 
at  mlaatan.  rorylng  (roan  1  boar*  to  0  boara. 

1.  Tfca  craft  abo«M  bo  rwp tbit  at  rariytag  at  laoat  two  ata.  Tfca 
"buddy*  ayakaat  at  two  aaao  a orbing  Ingot  bar  baa  boon  faaad  to 
fca  aaaaatlnl  for  aata  aodarwatar  nparatlao.  (04.  ill  aad  in 
oa  arty  all  typaa  at  ttndarwadar  talaatnaa,  two  ata  working  to- 
gatfcar  aa  a  Uaa  can  ha  ataefc  naara  pradactlaa  tdad  two  atan 
working  tailndaallj 


4.  Tfca  aparatara  ataat  fca  pawtockad  trwi  aatd  watir.  Wfcon  an¬ 


ting  gatatly  m  watar.  ata  aaao  bacaaaa  aar/  cold  aaaa  at  waaar 
laaaamv.i  tf  0d*  .  <04  011  In  aa  opan  cat  bp  It  baa*,  prwbactlaa 
front  cold  .ow'd  fca  -iwabtad  by  aa  laaalatad  or  baakad  aad  Tfca 


4. 


•  Tfca-w  *aold  bo  a  bald -la  bmatMag 
a  carbon  diatiao  aaao. Wan  ayotaa 


0 


M  dMdd  fca  paaoMa  lor  a  aaaatl  ••  jo  t#  apt. 
In-fwn.  and  ratrlooa  tfca  bant  front  d  doafc  at 


r»wl. 
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1.  Qpao-cocivd  craft,  la  which  the  comp  art  men!  otciptM  by  Umi 
craw  La  flood**  wbao  aubmarsad  Tha  B'ttiuh  Sleeping  Beauty 
(SB)  aad  Uta  ftaiiaa  SSB,  ara  aumpiaa  at  thta  claaa. 

1.  Clo— d-cac bpM  craft  La  which  tha  craw  coanpartmaM  la  fitlad 
wUh  air  Tha  Brdlah  oaa-reaa  Wallaiaa  boat,  aad  thair 
X  Craft  (  1-aaa  mldpH  aabaaartaal  ara  al  tbia  typa 


Praaaat  ataua  tharw  ara  al  prauaal  ao  >'  S.  naada  a  mail  auhT-araiblaa 
Savarai  amaj  foreign  aiadala  have  baaa  taatad  Laciudiag  the  Brdlah  Wallaaa, 
Sleeping  lea-fy  (SB).  X  Craft,  aad  Ida  UaUaeSU. 


Tha  X  Craft  la  a 

aM|M  eahme rmm  M  faaa  Iwag.  dtapiacMg  Id-  ft  tawa  aad  carrying  «p  La  five  mm 


Tha  Mai  law  Bn  la  a  law  Tpea-cwrhpn  craft  pwwwrwd  w  MM  a  (  swreaarwar 

oiulor  <ad  .  4 it  jf  iutjir.erga-1  apaw**  uaree  t  -ernwe  •«>  •  •< 

M  tademal  taaaa 


Tha  Bnawwn  ft  thine  baa  drama  up  a  prv  a  ary  daetpi  ft  aa  apen-cocapil 
craft  tuiUar  la  Pa  Stamping  decay  aad  ft  <•  c.  in*  :  jeaptt  to  M  i»  dpi 
am.  marine  A  caaerart  »aa  t  aaa  1*1  la  the  Fairchild  A'rc  raft  Carp  f.agtne 

r  •  •  r  •  *-  •  a  *  •  *  ■  **, 


won  1  urvriAt 
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10  Tba  boat  should  ba  arraii  enough  so  that  seveial  can  b«  carried 

by  a  aabmaiiM,  preferably  looutv  tba  pressure  bull  to  protect 
tha  boau  from  high  hydrostatic  peaaaura.  If  tba  craft  ara 
carried  maids  tba  butt  of  cuxtu.g  aubmariaaa  tbalr  dimensions 
and  shape  must  hr  xuch  ilid  ‘Say  ran  ba  launched  through  tha 

torpado  tubaa. 

1 1 .  Tba  boat  should  ba  capable  at  aurfacad  opardua  aad  of  aub¬ 
urn  r  gad  ope  rat  loo  down  to  tOb-tSO  (rat. 

U.  U  order  to  avoid  OeUctioo,  tba  boat  abouid  ba  aulat  avaa  at 
cntlolog  apaad,  have  a  low  anaor  aeba  target  atraagtb,  aad  a 
low  magnetic  aipaturt 

11.  To  (actl  data  Needling.  buth  above  aad  below  water,  the  boat 

aboald  ba  lift*  Hi  welftd 


Relative  manta  at  upea-cochpll  aad  clooat.  cochplt  craft.  Closed-cockpit 
craft  beve  ike  advantages  that  tke  craw  aod  ibatr  eiiaipoieat  cao  re  mala  dry  aad 
warm,  aad  tba  power  plead  daaa  aad  have  la  ba  w ado rp roof  Tbla  la  almaal  ea- 
aeetlal  for  tba  larger  a  lead  brotd  oacb  a*  the  X  '  .  .<A  No  complex.  built- is 
brntbiag  aowlpaaaat  id  necessary.  thm^ft  cards  oxide  ebaeaptlea  aad  brasduag 
gaa  adared  adder  pra  aware  ara  rage  trad  tor  saaam-  subaaorgad  ope  retinae.  They 

beve  tba  Otaedvaadegve  that  they  meal  ba  Uaavy  la  eaabla  buoyancy  caanpaaaaHoa; 
aad  codaat  ba  easily  aaiarad  or  left,  as  Mad  tba  ape-aeara  ara  vinaiUy  cut  off 
from  direct  radait  wab  Ibatr  lavlrmmidl.  Tbay  alao  ara  aetter  .pair  aad  mag- 
arttc  targets. 


Opao-  raaSpd  craft  baas  tba  advaaSagaa  tbal  tbay  iaa  ba  llfttt  la  weiftrt  wttb 
law  marila  voder  wader;  tbal  ta  craw  raa  valor  ift  leave  eaeil y.  waft  amt  aaeva- 
ady  at  gaing  throng  aa  at r  laab,  lb  perform  mlaalaaa  wbtcb  reguire  direct  maaaal 
contact  was  submerged  objects,  aad  that  tba  h'iU  daaa  ail  bava  to  ba  presawre- 
praaf  aad  ftarefore  caa  cantata  traaapareal  wtadewa.  Alee  Omit  erbe  target 
etrwag*  aad  ma^mtlc  aiguara  ara  lowpr  Tbay  have  tba  illaadvialaga  that  tba 
craw  wiu  baccate  cbtllad.  •-  taaa  prate  clad  by  uaalalod  or  healed  aada.  that  a 


Far  amap  parpaaaa,  a  awaaa  of  aaderwater  prapaldtaa  far  ladtvldiiili  la 
aeadtd  H  wbtcb  tba  swimmer  rameiaa  m  tbs  wader  aad  rides  or  baapd  amo  the 
vabic'o  Such  as  Vdiniiir  motorcycle  *  anti*  be  pc  we  red.  nr  driven  by  I  be 
evuaaer'l  me  etlarte.  new  aeatrat  bwoyaacy.  aad  ba  alee  red  is  It  beaa  mb 
aead  apaad  llgwr  man  parses  ary  te  eeawaaea  tbs  apaad  af  laaferwalar  currents, 
bat  abawld  ba  capable  at  upa  rating  far  several  dm,,  .-ad  Lew  a  crwldtag  raaga  at 
m  Ideal  awwrai  mites  Tba  swimmer  aboald  ba  abc  la  ear  bar  or  maar  It  idada 
tba  ear*  aaaa  and  m  rv  wwr  a  after  teevtag  t.a  ami  Dtmaoaioaa  a-  ild  m 
euftw  iemly  email  sa  tftal  ftvlf  •  burn  or  rn »  rnuld  *m  leunrtod  (-om  ..mall 
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MMnl  cflw>i  to  deaim  ae  wrfanftftr  motorcycle  are  tire*.  •»  iiattnuy. 
1/bjruSL  MM  am  nrr1-' i  aad  mO>U  at  haad-hetd  caiiapeldie  torpedo- shaped 
craft.  Me  pi  Jtarype  at  winch  la  veld  l«  b*  rate r  c'wetnactlo*.  Aerojet  of  Paaadeaa 
nee  made  a  pretiaadmry  model  waiad  a  pedal  drive  from  Me  eelauaeri  life  to  a 
p-ee-er.  Qray  add  Malaga  id  <d  Lee  Aipelse.  aad  Daria  dovelapmema  have  tub¬ 
as  need  a  aa  .idee  ad  a  aaeder  a f  iatyla|  abaped  craft  arblcd  might  he  evitable.  wad 
cfTered  te  eaaAd  a  drewtapamaad  pnfrte.  KeOfA-Pwyer  hat  iteaHaad  and  heat 
«r  eade reader  prepeieied  >ed  aeiAdf  adeal  «  J  pom. la  «ad  powered  by  »•' ■  cr 
Pw^rM.  added  taae  a  at  I M  aetartly  tooted  m  a  a  aim  aa  lad  poof  la  Hart  oik  Fuller 
te  veiny  add  ta  eaoMaumg. 


II 


d 


dieted  airlaamere.  particularly  If  tdey  meat 
i  M  aeceaaary  ta  traaapnrt  idem  ae  dear  te 


teruae  of  111 
>r  fated  surface 


Mm  L£Kt)  la  alee  repaired.  I 
a.  mlalmaei  dam  wave  aad  order  featured 
wader  Da.  at  dies  Team  aeuaaert 
lad  redder  rafta  tdaeld  alee  be  cee- 


.  ae>e>  pra  ad  lad  '%  '.team  f 


devalue  tae 


»4.Ua  eeU.  have  adi amagi  ud 
»»i  w«  d  <adevwv*er  »  .a  .me  ta-m.ie 
.vdeeareialee  t*-.d  tr  da  -find  aad  uoi 
ante. "e  near  a*  a  .ere.  id  *.war  le  (ail; 
d  eeuirv  w.  w  .  deed  r raft  dr.  eaa  jf 
te  irmiprrl  m  a  aw  ell  swaaaersMle,  >ae 
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frneral  um  at  Uiea*  craft  may  tn.  rtedly  altar  the  doctrine  and  larttrs  of  UOT'a. 

’  In  th»  Oeeifa  at  am  all  suOme  raid  las.  problems  of  stowage  aad  launching 
from  a  oio*i«|  submarine  must  bt  taaan  uao  account  aa  nJ  aa  Iki  wad  for  ade¬ 
quate  spaed  to  ora  rcomt  currra.  .,•>» t  to  auo>  "  aaiva  tact  lea,  endurance.  raae 
at  sprees  aad  rw -entry.  safety  aad  comfort  of  the  era*,  aad  minimum  detectability 

*  Maa'a  aft  tela  ary  ad  a  talniatr  la  eery  lor;  that  la,  only  a  email  part 
at  the  aaergy  ha  eapeada  Ua  swimming  la  aftaettm  for  propuUtoa.  Aa  "laMkersater 
btcyda"  la  aoadad  which  aroeld  adhar  bo  merhaaically  pood  rod  or  aruuld  llMt  the 
aolaaar'a  aauaclaa  to  the  water  in  a  more  efflciaad  maaaar.  Deeelnpmeat  of  means 
of  prapalaiaa  for  ladivtdmi  underwater  aerunmara  ahould  be  etforoaaly  pure  wad 

u  90  intDCIVAm  OBJECT  LOCATION 


Doaecttoa  ad  mtaao  aad  man- made  ohotruettoaa  la  a  aaceaetry  part  of 
auoy  mtldary  aparetioaa  ut  m-ahera  oatara.  Moot  of  dm  obetaelca  and  aoaaa  of 
the  mtaao  will  ha  fatted  proed  of  Urn  bottom,  bid  many  atiaaa  Will  he  partially 
or  fully  boned  m  the  addling  aaads  aad  eoft  muds  ao  freuusatly  fomtd  la  shallow 
oaaere.  Under  earns  dream  mam  »a  aadaraater  adject  lacatora  opsraaed  from 
•urfaao  erdt  ar  aadmartaaa  will  be  affective  for  miaa  mm  Ttnarli  daSacttaa.  Rut 
uadar  caber  caaddtoaa  M  wtll  be  deal  radio,  aad  la  aaate  cases  aacauttry.  to  aaaptoy 
ntdramr  sotmaaera  tar  ettaa  aad  nbcb.cle  data r turn,  aad  parllcalartir  tor  Idaadi- 
ftrmtan  aad  dlapaaai  af  the  dr*d.  (  the  awtaamer  eaaerges  tram  the  wader  to 
a*»rmrn  aa  Ida  baaed  da  may  da  faced  odd  addttkm  prod  lams  af  haded  grwund  ~'«aa 
Otapatal  af  mm.  re  star  abetaclea  off  a  baaed  m  dran  of  aa  aa^htdiaue  ■ — La 
aaa  ad  Mbs  primary  mieetam  af  Uaderwmer  rwmaataw  Taaaaa. 


bUaae  and  i 


tldarmty  la  am.  adapo  ud  rdaraidr 
mass  of  Iron  ar  steal:  atdara  magr  be 


l  by  mm  or  a  < 


i  af  aaaaap  ra 


i  af  mmfb  • 


The  fattening  i 


taa  aapaaoiaa  m  brwa  <d  cadi  ar  i 
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mark  tbetr  underws tar  finds  suitably  --  with  buoys.  Reefs  aad  obstacle*,  mine* 
and  traps,  chaaiwla,  boat  laaes.  wrack*  aad  areas  at:  need  to  b*  buoy  d  for  warn  - 
teg  or  guidauce  to  aurfaca  craft.  Although  tbs  basic  requiremete  for  a  floating 
mar  air  aasma  aimpla  aaougb.  *  buoy  wbicb  would  ful/Ul  *U  tbs  stated  operational 
require  me  tea  would  ba  aetuuisbtegly  sophisticated.  Fortunately.  .  la-'7»  cart  at 
tbs  presold  needs  are  fairly  wall  mot  by  tbs  Daa  buoy  (a  bri^atly  colorr-  balsa 
aod  caaaas  cows  wttb  a  flag  --  asora  asst  forage  far  tbslr  owe  lias  aad  a  .cbor). 
W*  will  call  It  a  "alaapte"  buoy.  Siaapis  buoy*  abould  bo: 

1.  Easily  assa  aad  Identified  (is  daylldbll.  Buoys  haw  *  dtfterete 

■seeing*  abould  bars  diteinettv*  abapoa  or  martUng* 

1.  Cn— part  (folding  ••  ootlapalbls  --  saally  otowad> 

1.  Staple,  rugged,  reliable 

Ssaoutb  wdb  rowded  edges  wbtcb  are  out  daw  a  stag  to  ,-ibber 
botes,  eulte.  etc.  (tbta  la  ad  raws  sure  Important  require* 

■ate  for  busy  anchors) 

S.  Pltelfd  <t.e..  chaste 

4.  W—  trigging-  After  be  teg  pleaded,  teay  abated  ate  ablft 
pooftted  bee  ewes  at  r  errata,  wees*  or  wted.  Tbta  depotted 
portly  «  adfetelae  aorber  taelgp.  part**  «e  lota  drag  reatetimca 
«f  tke  boay  add  Uaa. 


I*. 
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the  ear.d  may  ahi/t  to  covtr  the  mechanlem  or  a  t.i.gle  grain 
may  lodge  tn  such  *  place  aa  to  arraat  ita  oparat.on  Luoya 
at  this  typa  may  be  ^alied  "lighted,  dapth  taking,  tune-delay 
complex"  buoys  Two  mode  la  have  leached  semi- production; 
tha  Hub  and  tha  Brack.  Thaaa  are  expensive,  and  consequently 
few  m.t  available,  and  may  are  not  vary  reliable.  Tha  price 
at  a  buoy  may  ba  iaaignif  leant  in  comparison  with  tta  value  In 
an  operation  and  the  loaa  of  a  aingle  LCVP  becauae  of  buoy 
failure  would  pay  far  a  large  number  of  wall  daaigned  buoy  a 


Thua  developaaent  of 


>y  eemwtn  blacne  ea  laaeMy  half  aarap  I  earn  ea  a  large  ehnln  link.  Which 

ana  *n  aitvhadegs  Ptae  ■  wiu  aua  tear  e  ndbtr  boat)  mahe  a  perdect ty  ealief ert.wy 
amhwr  hut  nt  scavenging  ahnutd  net  be  relied  pn.  her  here  e!.-»Ud  ue  fur- 
Mehnd  warn  eaadi  aney  •  •  el  keen!  tn  e  lee  in  ana  net  akeee  they  are  rather  eaally 
lent  whan  *a  ba^  in  reineibd  adkrr  uaa  Mat*  ban)  *  •  ,«e  ran  pcabaPiy  maha 
p.edtunie  ana  uaw  manartata  -  plaatla  fans,  self -set  ’teg  baga,  wanMha't  oan- 
araha,  hanwyenadk,  refWcter  earfecea,  llanraatad  paint,  aytan  linn, ala. 
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11.02  Cooc.ua  loot  and  Recommendation* 

1 .  Buoy*  *r*  an  important  item  of  an  underwater  i»mntrli  equipment 
becauae  they  translate  bia  detailed  knowledge  of  underwater  conditions  UXo  term* 
suitable  for  aurface  force*.  It  la  cwuceivahie  .bat  the  aucceaa  of  a  large  operation 
might  hinge  on  tb*  aucreaafui  use  at  buoys  by  undarwatar  awimmera.  Present 
almple  buoy*  tar  daytime  uae  are  reaaonably  aatialactory  but  there  1*  need  for 
lighted,  depth-taking,  time-delay,  "complex"  buoy*  and  their  aaaoclated  anchor*. 

2.  Development  of  complax  buoya,  preferably  tailor-made  for  apecliic 
types  at  operations,  should  be  continued.  Uae  of  new  materials  such  aa  plastic 
foam,  self-sealing  bags,  waahtub  concrete,  honeycomb,  reflector  surfaces,  fluo¬ 
rescent  paint  and  nylon  line,  etc. ,  should  be  investigated  in  this  development. 

14.  on  DEMOLITION  AND  ORDNANCE  EQUIPMENT* 

Demolition  explosives  are  the  chief  offensive  weapon  at  UDT's.  Exist¬ 
ing  high  explosives  appear  adequate  for  demolition  missions  in  accordance  with 
present  UDT  doctrine  and  improved  explosives  are  becoming  available  to  UDT’s  an 
they  ere  developed.  During  pre-assault  operations  it  la  customary  for  the  swim¬ 
mers  either  to  tow  the  explosives  to  the  target,  or  to  transport  them  la  their 
rubber  boat  and  LCPR's. 

Flexibility  and  e#-ly  secrecy  at  swimmer  operations  could  be  maintained 
1 1  explosives  could  be  transported  wb.:  :  the  explosives  and  tha  swimmer  wets 
completely  submerged.  A  tow  able  explosive  container  baa  recently  been  tested 
which  maintains  tta  depth  sad  trim  aiSoan allcall/  while  being  loaded  or  unloaded. 

Thin  In  definitely  a  step  in  the  right  direction  though  it  la  still  accessary  to  make 
explosives  which  fit  tha  esatainar.  Explosive  pacha  should  bo  streamlined,  standard¬ 
ised  and  built  to  be  toned  Individually  or  in  aeries.  It  lx  also  conceivable  that  a 
whmirgi*  swimmer  may  am  Oceanian  have  to  tow  v  -k  •  demolition  bane  for 
channel  blasting,  or  limpet  mins*  for  eases  attach* 


i  far  atowlag  aaploatvee  while 
I  neutral  buoyancy  shit*  i 


14. tl  Cahalunlau  and  ■trial isditlnat 

I.  OimtHBaa  aaptnslvn*  far  UUT  ana  endar  current  f  set  r  Inn  are  sat  In¬ 
fs  at  try  and  mean*  at  aahmargad  lowing  at  explosive  ahergao  are  andnr  last. 

«.  World  War  ■  — ■  * — ‘r  “t-  — 1 - h  attaah  — 1 - -‘--■g-- 

are  avail  all*.  An  ana  ah  allash  and  antUklnaUa  to  tha  lawn  ar*  daw  loved  It  will 
be  necessary  to  conrerreslly  develop  the  i squired  nemolltiaa  and  ordhnh  a  equip- 


•  TEn  subject  was  nut  pursued  lu  detoU  by  the  eat!  are  a*  only  their  ■  — 1 — ‘ - j 

fisilnga  —  *  recur  dad  L..*, 
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15  00  MSCELLANEOCS  EQUIPMENT 

la  addition  to  th*  equipment  meidioaed  to  previous  chapter*,  »»lmm«ri 
nt«l  many  .Irma  of  equipment  to  aid  tha.-n  la  r*achlo(  thair  objectives  and  in 
carrying  out  thair  assigned  tasks  The  follow!**  noui  outline  th*  prtacm  atatua 
of  aomi  at  that#  Items . 

15.01  Pacs  Masks 

Personal  prele.-eace,  often  baaed  uu  fuels!  -Oi.lour*.  U  ths  ovar  idl.-.f 
coss  ids  ration  la  tb*  aalsctlaa  at  a  mask.  For  this  raaaoo,  it  ia  unlikely  that  say 
cos  type  at  mask  will  b*  acceptable  to  all  of  a  targe  group  of  uadsrwater  swimmers. 
Soma  msa  llks  a  hard  rubber  mask  which  seals  by  penetrating  ths  akin;  others 
Ilka  ths  saA  edge  which  is  ha  Id  against  tha  faca  by  water  prasaur*.  Th*  awlmmar 
will  b*  aanoywd  if  tha  mask  ia  not  rigid  enough  to  hold  the  glass  away  from  his  nos* 
at  depth.  Ths  Voii  (Senior  B  l)  made  of  a  medium  hard  rubber  with  a  round  tans, 
and  the  Champion,  a  soft  edged  rubber  mask  with  an  oval  lens,  ssem  to  be  most 
generally  preferred. 

Most  masks  have  tha  dlaadvaatags  of  limiting  tha  swimmer's  field  at  vision 
to  the  order  at  fS-100*.  Some  de«*lopm«M  effort  should  be  directed  towards  re- 
ducing  this  deficiency. 

15.02  Life  Preserver* 

Ths  newly  is  awed  UDT  Ufa  pressr-  .r  as  sms  to  fulfill  ihs  requirements  very 
well,  It  is  11#*.  takas  up  lmia  apace  and  Is  quickly  inflalekl*  from  a  a  ingle  cOt 
cylinder,  la  use  It  supports  *ha  wearer's  bead  above  th*  water  quite  comfortably . 
Ac  abdsrwatar  iwiaaer  in  trouble  can  quickly  surface  by  simply  pulling  tha  CO. 
ralanas  oerd.  It  ml#g  be  deairahie  te  imagrate  a  Ilia  preserver  with  SCUBA 

15.05  Watches 

la  m  littery  eperatlene  a  watch  Is  an  eAremety  Imparl  sad  team  at  swimmer 
equipment  far  often  his  life  depend*  upas  kekq  plcbsd  up  at  a  certain  lune  prior 
t  darnel  tlm  eapineten.  M  la  als*  very  lapsrlanl  te  all  uadsmadar  awlmmara  when 
Wring  in  depths  requiring  Snem*r*aal*s.  Ts  dm*  as  watch  la  available  te  tbs 
naderwnlir  swimmer  ebteh  is  completely  aatlsfaatsay.  Th*  esual  difficulty  is 
«hw  th*  ass*  Isabsi  ttds  at  eeuree  rutea  tha  wa'A.  It  te  aoggiataO  that  tb*  tech- 
abque  aasd  by  eeeasa#*pher*  te  aaad  dallrate  maibanlataa  1s  great  depths  be  triad; 
aanasly  of  fitting  th*  case  with  ll#l  mkaertu  all  ar  ether  flald.  This  aukes  a 
eseeee ary  tn  nb*n»  tha  mtasewi id  ali#Uy  but  in  as  way  impairs  ths  accuracy 
ar  ans  af  tbs  watsh.  A  simple  NT*- ring  seal  will  praveet  leaking  in  ahhar  dtreettan 
since  there  l*  no  pressure  fed  I  vat  A  suitable  watch  should  bei 

I.  hcadUkdc  la  Ih*  dark  and  In  terhkf  water. 


Cvimrinr  ntul 


Hint 


CONFIDENTIAL 


I'NDEBWATEK  SWIMMERS 


1.  Skack-praol. 

IS.  04  Xuvm 

"A  ittamr'i  bast  frlete  la  hla  toUfa."  HUa  almpla  and  taaetelal  plac* 
of  (aar  atiil  aim  with  tome  crtUcUm  la  Me  preaeot  form.  Tha  blade  (aoma 
4"  loaf)  to  bo  moro  rwt-rMLMul  thee  are  tba  prvaant  mod,-!,  ihe  caaa 

Tu~,ia  ^  a i  pUNIt  (roiher  thee  leather)  and  bava  an  Integral  aprtog  clip  to  bold 
tba  kalfa  final;  to  tta  aba  alb.  It  moot  ba  ramamberrd  that  tba  uaar  may  ba  uoabla 
to  aaa,  may  bo  ahivartog,  may  hava  glow#  oo,  aad  may  ba  to  a  (road  hurry  A 
prnpntil  daaigt  which  looaa  aattofactory  but  to  aUU  to  bluaprtto  form,  haocao 
aaw-tootbad  adga,  a  tuu^tootd  grip  handle,  aad  to  noo-ma^atic. 


IS. OS  Campooa 

Mevigatlou  —da nr atar  to  difficult,  aa  aay—a  who  baa  triad  to  rwtoa  In  a 
atral^t  Itoa  wttbowt  rafaranca  polata  wUl  teotlfy.  la  turbid  or  dark  water,  par* 
tlcui arty  away  from  tba  bottom,  a  mat  mt  quickly  baoowtaa  loot.  A  workable 

- r—  ia  a—  abate— - at  mtotmtatog  thia  problem,  becauae  oompeaa— 

bare  tba - character  tot  tea  be  lor  —  above  water.  It  a  magnetic  cotnpeae  to  to 

give  accurate  perform—  the  diver  abated  oat  carry  largo  qaaatttieo  of  magnetic 
motertele.  IA— ala  w  bettl— .  fo.  example,  may  eerio— ly  toft— a  a  compete  ) 
A  - — r—  ebwald  be  eaaaU.  eturdy.  ead  have  a  lamlaowa  dial;  it  ahoaald  bo  opor- 
— teat  deptbo  —  to  100  teat  aad  wtaa  tocitood  aa  mach  aa  JO*. 

Tba  depth  r  often - r  U  eeeily  ooivwd  ••  by  MU  teg  tha  cbm  completely 

wttb  a  Ugted:  tba  roquifuo-ote  that  •Ubar  ew tomaar  gear  ba  largely  aon-megwetlc 
wnMm  en  otbe»  diiilmmirtf  T raeeette  (U|  bee  auggaatad  that  a  comma#  abated 
bo  am  to  the  weorer'a  faoa  ate  aa  woU  ao  to  bio  write;  thia  would  gruuiiy 

fatlltlte-  follow  teg  a  oauroo.  A  tuUablt  ma-magpatlc  flit  tog  which  would  halo  tha 
Map—  owl  ad  tha  priartpal  ttoa  of  viola*,  to  oa  com  try. 

II.  H  hwlm  Fite 


far  a  maohar  at  baura.  to  oqtepgtog  a  mm  to  mo— 
ai  to  to  UM  tola  avail  tote  muoctear  aaargy  to  too  omot 


Ftp - r  *  ahvtouoly  ttpiadaal  to  .  largo  aatote  oo  too  aoturo  at  too 

pwtoamorfo  bteb  ate  dm  *illi  i  log  remtrbo  eemeeru  a  trutood  otetoronco  owtmmor 
ahiUad  to  mtog  a  flatter  bird  at  the  rete  of  two  te  four  kick#  per  breath.  Like 

r  k|  trrtflT  modhmtomo,  ftod  booomo  mere  afflctead  ae  not .•  water  to  boteior; 
wmoaotoy,  tow y  — id  ha—  ae  mwah  aurfooo  aruo  ao  poaetilo  for  too  power  trail* 
Frteoetto,  (  t )  to  eaporumeuto  to  L—te  C •  #v  had  foote  a  t  vtoar  large 
atteu  to  too  afftetewey  of  too  vurteuo  aommo-tete  Tpoa  rf  flte.  »>  oumvwrtog 
lir*r  to  ftod,  be  aoeertatevd  tote  too  ayeed  imruoooa  with  tba  tetigib  ate  bote* 
jf  um  r—r  ate  tba  '<«.forl  tncraaoea  wlto  L  a  pllahi'  *y  ad  toe  rubber. 
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Ths  twc  brand*  of  fine  which  aeemvd  "o  have  the  best  all  around  characteristic* 
nr  Lie  "Duck  Fact"  (manufactured  b--  Spe  erf  leh*  rrnan,  Laguna  Beach,  California) 
and  the  "Swim  Ftna"  (green,  medium  pliable,  manufactured  by  Ow?n  Churchill, 

Loa  Angeles,  California).  Quit*  possibly  an  Improved  fin  could  be  built  which 
would  have  a  soft.  pliable  rubber  arcur4  the  fuoi  germing  lea*  compliant  toward* 
the  tip.  Otaa  would  not  expect  to  make  major  gam*  In  efficiency  by  developing 
euch  a  fin  however,  becauae  of  unpredictable  Individual  preference*. 

IS.  Of  Depth  Gauge* 

Both  la  ewlmmiag  and  la  coat  roll  lag  decompreaaion,  underwater  ewlnvoer* 
very  often  need  to  know  their  depth  below  the  aurface.  Two  eyatema  for  meaaurlng 
depth  (preeeure)  ere  uetd:  the  bourdon  tube  and  the  manometer,  and  aeveral 
depth  gaugee  of  each  type  have  been  built.  These  are  eetiafactory  for  operations 
lr  daylight  to  100  feet  and  there  seem*  to  be  no  obvu>u*  reason  why  on*  type  should 
be  bettor  than  the  other.  The  gauge  nos  be  tag  procured  for  UDT  use  (from  U.  3. 
Gage  Co. )  eeeme  to  be  quit*  eetiafactory  to  100  feet.  However,  the  military 
require  mem  that  the  gauge  be  readable  at  sight  and  the  fact  that  scientific  twlm- 
mar*  would  like  ta  knew  depths  to  ISO  feet  odds  to  the  design  problem. 

In  many  up  erst  loan  endt  re  ate:  swimmers  must  fraqusatly  and  unpredict- 
ably  change  depth.  In  such  a  complicated  situation,  use  of  the  diving  tablet  for 
optimum  control  of  decompression  tune  becomes  very  difficult,  lfunfc  and  O.  wee 
[  *  |  have  suggested  that  a  simple  H analog  computer"  gauge  -night  be  built  and  worn 
on  the  swimmer's  suit  or  body  They  pone  out  that  a  system  of  aylphon  bellows 
connected  by  capillary  tubes  would  be  sean'goas  to  the  flow  te  nitrogen  between  the 
lunge,  the  bleed  stream  and  the  body  t lamia*.  At  the  aurface  all  bellows  would 
be  at  the  ambient  pressure:  as  the  ew  Lnmtr  descended,  the  change  In  pressure 
would  cause  flow  terta^  a  capillary  Ute  an  Umar  chamber  com  parable  to  the 
passage  of  affragan  from  the  blond  late  the  tissues.  A  flips  ram  would  bo  1 1  shod 
te  a  as  edit  and  tea  dig*  resell  I  pressure  rood  an  a  dtei.  As  tea  diver  meadtd. 
tea  problem  of  its  ramp  rasa  ten  weusd  be  solved  by  keeping  tea  differeadtel  preeeure 
bate*  erene  designated  danger  Um. 

It.  od  Surveying  Owetean 

Involve  tee  one  of  a  ltee-eurrjteg  flatter*  sard  far  maanurteg  dtatmwea  ends' "J  " 
Ugn  teed- linn  few  aneosarteg  depten.  Depth -at* -teas  date  era  rewarded  by  te* 
swimmer  ra  a  tablet,  an  shipboard  tela  te  Ur  ana  Luted  tefe  a  benah  profile  Tbsne 
devtcee  have  bean  reaaeanbty  eatiafmtery  for  surf  awe  swtmanrs  bet  Uarviul^ 

It  avaata  quite  faanthla  to  build  a  davLo  that  could  wkd  dtetame  g-1— ‘ 

weald  have  three  ■bwaangn;  I)  as  prep*  rat  ten  (aa*+  •  escorted  a  I  tea  aeharat 
weald  be  required  and  tee  uatnantad  could  be  awed  :»r  -pat  eheeh  tnjwhsre;  7| 
prof  U tag  would  be  seaman ma  rather  then  Iteera  tlmd.  -»•  raeafer  te  prtelL  I*  taste 
sheet  '-ouli*  be  ten*  directly  Une  e«y  te  making  each  aa  teatmmete  would  be  te 
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!>-•"»  •  preaaurw- actuated  dlaphram  move  a  acratch-atylua  acroaa  a  turn  whlc^  !« 
moved  la  mu  ratio  wtth  the  riiafaoco  traveled  aloof  the  bottom . 

For  raahiag  Inohnre  hydrographic  Jtudlea  where  lota  tec  racy  la  required 
tad  mart  trot  oood  bo  covered,  t  aaail  record  tog  or  teUatoterlag  c cho-eouader 
could  bo  apeciflctUy  odoptod  to  ivUnor  too.  la  oiidtttoa  to  tho  depth,  tho 
poottloa  at  tho  ocho-touodor  tlao  noodt  to  bo  recorded  cowlliuouoly;  thlt  may 
Involve  rotor  or  toner  tracking  from  o  portal  era/t,  or  a  act/  cootalaod  locating 
ayatem  oparwted  by  tho  ewlmmar.  taint  iuMvu  reference  polite  on  tho  hooch 

Staea  ooo  at  tha  primary  )oho  at  UDT'o  la  batch  auivoylnf,  it  would  atom 
that  tha  do  relay  a  at  at  auch  device#  would  motor  lolly  lacrataa  tha  efficiency  at 
tha  toaato  tad  la  therefore  wtmnlad. 

IS.  00  TrafflcabUity  Meaaartag  Oatr 

It  la  highly  dootrahla  for  an  aaiphaiiiua  ooatmoadat  to  know  nnmothlag 
ahead  tha  tradflcahUlty  at  t  landtag  batch  aad  it  la  ewatoaatry  to  tab  rtrnaatltttarit 
awtoaaaara  to  brhag  bach  thla  Udorwiatton.  No  aiaapia  peer  la  available  which  eta 
bo  uaod  to  ataha  a  direct,  mooala^Ui  maaouraaiaat  aar  La  tha  re  lihaly  to  bo.  Tha 
ratooaa  ora;  I)  boaea  hearing-  ahatr  atnapka  eh  a  ago  rapidly  —  with  waeo  chaagee 
wad  tlda  rhaagva;  1)  tha  tradflcahUlty  vtrlaa  aoaetderaMy  boU  Lata  rally  aad  Lcagl- 
— “~nr  oa  tha  botch;  J>  M  la  gnaartUy  poor  eat  dm  tha  high  water  aatrh  (beyond 
uoutl  UDT  anmlaat.nal.  4,  rogtrdlaoa  at  tha  original  a  mutton.  beach  traffic  ability 
chaagaa  whoa  eabjectad  to  aboil  lira  ar>  iraaah  by  eohtciao. 

Far  teat  parpaooa  with  mnofaaad  oaadlldaaa  tha  "aatl  * — t"  aad  the 
"eat*  pahetr.aaoaer'*  hawa  bate  medal.  For  HOT  opt  rad  loot,  a  more  ’-alld  mower 
aal#d  bo  ahtohaod  bp  trikalag  whtah  would  famUlarkoa  the  ama  wtth  the  raartkm  at 
dtffaraot  lypoo  at  beach  to  vehicle  pmaaga.  (Nadar  to  M.  U> 


1  A  am  all,  atordy.  Umkaoua-dtal  ramjaao.  apt  rah  la  la  depgkw  apt# 

■SO  '••(  aad  ebaa  ihcliaad  at  mat A  at  10*.  iw  rige  1/  aMechrd  to  tot  awia  nri 
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face  muk  where  ha  can  watch  It  con.lauouely  when  neeeaeary,  la  needed  to  aid 
aw^iunar  navigation. 

4.  Development  at  aali -record  Inf  davlcea  for  measuring  bottom  depth  and 
dlataacea  would  Increase  the  epeeJ  -nd  accuracy  trimmer  recoonaiaaance . 

5.  Both  mechanical  and  acouatlc  methoda  ot  automatic  bottom  survey¬ 
ing  ahould  be  Investigated.  ““ 

4.  Under* iter  awimmara  change  depth  frequently  and  unexpectedly.  An 
"analog  Computer"  type  at  depth  gauge  which  would  almulate  the  Interchange  at  Inert 
^eea  between  the  blood  and  the  tUauea  might  greatly  aid  la  cool  roll  lag  decom* 
preen  Ion  to  avoid  the  damage  at  beodg  aad  allow  maximum  time  aubmerged.  Re* 
eeareh  aad  development  lending  to  aa  analog  computer  type  at  dupth  gauge  ahould 
be  initiated. 

7.  Deeelopnaeat  of  device*  for  meaeurtag  beach  traffic  ah  Utty  la  not  war¬ 
ranted  baceaee  the  enabling  error*  would  bo  too  large,  bate  ad,  UDT’a  ahould 
reoatve  more  training  la  ootlmatiag  bench  trafflcahUity. 

14.  M  COUirTSRIUUMURa 

Tbn  abjective  of  r  neats  nm  a  sen  re*  igelnet  ends  rebar  ewlnuaers  Le  to 
pneiat  enemy  anderwetor  nttnrhsra  front  acmoa  pitch  tag  their  mlaelna*.  Pro- 
tertlee  meet  bo  ooaeldered  for  harbors,  bridge*  end  river  c  roe  el  age,  landing 
beach e*  aad  ahlpe  at  anchor,  uwndermeaemea  to  prodaot  abipe  agmlnet  under- 
weaer  eehamare  nave  beee  practiced  la  alapla  farm,  bed  there  hue  been  little 
eyed  wilt  reeearna  aad  devalapeasal  la  thin  field. 

aiipiaae  tr  insert  lag  eaderweder  ewlauaere  front  appro*  nh  lag  clone  eene^  to  tha 
ehjeetlve  to  laaaah  Ha  ande renter  etaa.  Thl*  la  part  at  the  general  problem  of 
aattaahmarta*  warfare  ead  air  dafaaae  aad  wtU  ant  be  dlaenaaad  hernia,  a or  will 
we  oeasidar  gaaattaaa  at  detect! aa  aad  dartr.'rttaa  d  email  adaeiitJ  crofv  Thee* 
are  aa  Megrwl  part  at  tba  barbae  dafaaae  problem,  ebtcb  la  balag  latenalvoly 
have  big  dad  by  the  Otfioa  ef  Havel  Bsenaroh.  tha  Haey  fflirtnalia  I  rTrr-tirrx. 
the  Clpiratliaal  Deewiapaaaat  Ferae,  a  ,4  ether  Havy  actlvtttaa.  tHaUarty  protarthi 

aaaeea  ta haaahaa  ar  hubs*  tartallbUme.  wtU  art  be  dtaeeaaed.  p""— 


Otvea  tha  above  llmdatlaaa,  the  problem  at  aaderwwlar  t trial atar  cobber- 
aeaiWN  oaa  be  divided  teeo  problems  at  ietarttim.  location,  Idaedlflcatloa.  deter- 

niMt 


14.11  PateedtaH 

Bnrfao*  detect! on,  Detecttoa  la  need  ta  the  bro-d  aeaae  at  bateg  aware  ef 
the  oroveere  ef  e  ewjnmer-lUt*  nhlect.  Thrvv  prtac4.nl  method*  MW*  a  I  to  be 

—  ■  u>ta  or  let act,**  uu*t  .a*  v**«r  nurkace:  vinert,  radar,  aad  dhrered. 
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In  thp  daytime  a  submerged  nlmnar  using  opan  circuit  breath'.*  apparatus  may 
ba  detected  by  bla  bubbia  trail.  At  night,  ha  may  produca  soma  phj«f*ioreecence 
U  tba  watar  which  can  ba  datactad  on  tha  surface.  When  the  swimmer  emerges, 
his  head  nan  ba  seen  in  tha  daytime  although  camouflage,  rough  sea  conditions 
and  the  slow  motion  of  swimmers  all  reduce  tha  effectiveness  of  tha  human  eye  in 
detection.  At  night  artificial  illumination  freau.  aids  tha  sense  of  vision,  partic¬ 
ularly  if  tba  swimmer  can  ba  silhouetted  by  a  light  from  tha  aids  or  in  the  rear. 

In  general,  man  who  have  had  axpariaoca  in  visual  swimmer  detection  atata  that 
parachute  flares  or  bright  moonlight  are  preferable  to  searchlights. 

Radar  ce  ha  used  for  detection  at  greater  ranges  than  human  vision  but 
is  not  as  effective  at  abort  range.  In  recent  Mats,  using  an  MFC  harbor  defense 
radar  at  an  elevation  of  I2S  feet,  heads  of  swim  .jars  were  detected  at  i  4S0  yards 
with  a  15%  Him  ct  echo  on  the  oscilloscope .  Forty  per  cent  time  of  echo  on  the 
oscilloscope  was  obtained  at  about  1, 000  yards  (for  swimmers  without  artificial 
propulsion  this  is  So  minute*  sway)  Because  of  sea  clutter,  the  minimum  range 
waa  about  500  yards. 

Wo  Infos  is  available  on  the  uaa  of  infrared  for  detection  of  swim¬ 

mers'  beads  above  the  surface,  but  thin  would  appear  practical  as  a  aupplement 
to  the  unaided  human  eye,  particularly  at  night.  Tha  Navy  Elect ronica  Laboratory 

la  plaantog  teats  of  infrared  in  the  near  Adore. 


_ fans  detection:  Radar  and  Infrared  caanet  be  used  for  detecting  sub¬ 
merged  swimmers.  The  range  of  visual  detection  in  also  limited.  Underwater 
i  by  1  interning  would  appear  to  ba  relatively  ineffective  but  echo 


The  turbidity  af  harbor  waters  greatly  limits  tba  range  at  underwater 
|  la  tba  range  a*  which  an  object  can  ba  sees.  eves  with  full 
bat  dailies  cannot  penal  rata  far  trim  tba  surface  because 
ia  eenttared  wut  aheerhed.  Artificial  Ulaaaiaatioo  below  tha  surface 

particularly  if  tba  object  to  bo  datactad  la  between 
•r.  bacanoa  base  la  than  only  a  one-way  optical 
I  tha  nags  «.*  wUMllity  might  bo  Increased  by  a 
t  !!#•  source,  but  this  ia  aat  bran  bee  sue  ■  the  range  of  detect  ion 
I  by  ■  assuring  rather  Men  by  absorption  af  the  Uffbt.  Because  of  the 

smog  eye  mast  be  relatively 
aderwater  periscopes  (hyOir  - 

r  i 

i  circuit  arderwaSar  I 

i  of  tbs  air  paaelag  throuffi  tba  valves  amt  air  lines, 
i  of  average  hurhgrnend  anise  Uu.  rang 
i  ia  only  about  15  font.  With  < 
i  will  be  mm 


than  for  any  other 


of  detection  far  sonar  eck-  ranging  appears  to  be  greater 

Te«M  under  the  -ooviasntv  at  the  Panel  hav><  Indicated 
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th«t  an  underwater  awlmmar  using  aelf  containL'ig  undarwatar  brruihing  apparatus 
na»  a  aonar  targat  strength  about  equal  to  that  of  a  moored  sea  mine.  Mine  h  until  if 
experience  with  aonar  suggests,  therefore,  that  swimmers  may  be  detected  elth 
sonar  at  t  cages  of  several  hundred  yards  under  good  conditions.  Doppler  effects 
resulting  from  the  swimmer's  motion  may  enhance  the  range  still  more.  On  the 
other  hand,  a  swimmer  moving  very  close  to  the  surface  or  very  near  the  bottom 
may  be  concealed  by  surface  or  bottom  reverberations . 

Present  aelf  contained  underwater  breathing  apparatus  Is  somewhat  magnetic 
and  magnetic  detection  equipment  may  be  expected  to  be  effective  st  r3"irr>  of  a 
few  feet.  Even  this  detection  range  would  be  eliminated  with  SCUBA'S  built  of 
non -magnetic  material. 

Hydrostatic  pressure  changes  due  to  the  motion  of  the  swimmers  through 
the  water  might  be  supposed  to  bo  useful.  But  recant  testa  Indicate  that  these 
changes  are  lees  than  one-tenth  of  an  Inch  of  water  even  when  the  swimmer  is 
quite  close  to  the  pressure  element  and  this  small  signal  will  generally  be  below 
the  background  of  surface  waves. 

Underwater  electric  potential  <U*P)  equipment  may  be  able  to  detect  swim¬ 
mers  at  abort  ranges,  not  only  because  of  the  currents  produced  by  different 
metals  la  the  swtmmei's  equipmeat  la  contact  with  sea  water,  bid  also  because 
of  the  difference  la  electrical  properties  between  the  swimmer  aad  his  equipment 
and  the  surrounding  eea  water. 

Contact  detection  equipments  attaches  to  underwater  barriers  or  structures, 
for  example  trip  wives,  have  bom  send  as  detection  expedlonU,  out  there  is  little 
quantitative  evidence  on  their  effectiveness. 

laaelUgem  marina  mammals  of  ths  anal  family  mi#t  poaaMy  be  trained 
ia  the  detection  of  underwater  men.  Just  an  dogs  ham  hsea  used  for  ni^at  detect  kn 
on  land.  That  thaaa  ant  mala  can  be  trained  Is  well  known,  but  intis  information 
Is  available  to  the  Pans!  on  fwtr  payohslagy.  for  mnpla.  thsir  tendency  to  be- 
come  bared. 

14.  U  Imrettea 

Loraltoa  la  too  »  ranee  of  fladag  toe  easel  locution  at  the  detected  object. 

Par  objects  on  the  surface,  tearing  can  he  obtr  aad  by  visual.  Infrared,  or  radar 
meaaa.  The  great  advsattgi  of  radar  la  ton  accurate  reaps  which  It  gtms. 

I  oration  under  water  can  be  only  approximately  aeampllifeaf  by  visual,  magwtic, 

onderojter  elarti  tc  propagation.  or  mechanical  a. rasa  primarily  because  of  the 
mry  abort  detection  reoge  of  these  methods  Saner,  la  addtttoc  to  Its  Longer 
deteotim  range,  elan  baa  toe  greet  eoventege  ofgtwu,,  accurate  locsttoa. 

14. *S  MmrttfVcodton 

IdeettfleMion  la  ths  process  of  dstermlrlitg  that  -is  object  deter*-'  arJ 
lw.siuvd  -s  ac-.uaiLy  a  ituuatr  Altar  an  luUrratr  oojerf  has  been  daiacted 
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It  must  be  determined  whether  tt  <■  a  fish,  underwater  mammal,  inanimate  dabrla 
.rihmerfed  craft,  or  an  underwater  swimmer.  Identification  also  requires  that 
distinct  ton  be  mads  between  friend  or  foe. 

Ob  the  surface,  ldantiflcwtioo  can  be  •wide  visual  Ij  or  by  a  acne  types  of 
infrared  equipment.  Radar  ideotlflcMlon  is  relatively  unsatisfactory.  Under 
water,  vis  ion  is  the  only  re  Liable  means  at  identification  and  tt  is  therefore  neces¬ 
sary  to  s implement  other  detection  means  by  the  ability  to  actually  see  the  object. 
Underwater  television  might  be  useful  for  this.  Perhaps  future  research  might 
uncover  a  sonar  or  UXP  signal  that  la  characteristic  of  underwater  swimmers. 


TABLE  V 


SUMMARY  OP  SWIMMER  HUNTING  METHODS* 


DETECTION 

LOCATION 

IDENTIFICATION 

VISUAL 

Pair 

Pair 

Good 

JCocdJ 

[Good) 

(Good) 

RADAR 

Pocr 

Poor 

Poor 

[Eacelieet] 

(Enellant) 

[Pool] 

INFRARED 

Poor 

Poor 

Poor 

[Unknown] 

trair] 

[Pair] 

SONAR 

LUTE  NINO 

Poor 

Poor 

Poor 

SONAR 

ECHO  RANGING 

C'HMi 

Good 

Poor 

MAGNETIC 

Poor 

Pair 

Pair 

UBP 

Poor 

Pair 

Poor 

HYDROSTATIC 

Poor 

Poor 

Poor 

MECHANICAL 

(direct  cosetsct) 

Needs  Teal 

Needs  Test 

Poor 

•  Keens  in  table  refer  to  submerged  swimmers. 

I  ]  Rems  la  brackets  refer  to  surfaced  swimaert  where  method  is  aypUcakle. 
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16.04  Deterrence  and  Destruction 

Deterrence,  diversion,  or  deetructlon,  of  on  attacker  la  the  ultimate  aim 
of  countermeasures.  The  moot  tuceeaaful  method  employed  to  date  against  under¬ 
water  ewtmmeia  hae  been  uae  of  random  placed  and  timed  small  explosive  charges. 
The  major  limitation  of  this  method  is  the  logistic  une  Imposed  by  the  requirement 
for  large  amounts  of  explosives.  The  effect  on  friendly  Installations  must  also  bs 
considers''  If  the  undervater  enemy  has  been  detected  and  located,  however,  depth 
charges  or  explosive  projectiles  can  be  economically  employed. 

Underwater  nets  haw  been  used  In  various  ways  to  deter  underwater  swim¬ 
mers.  Present-day  nets  are  extremely  heavy  and  bulky,  and  are  easily  cut, 
talsjd,  caseed  over  or  under,  or  dropped  to  the  bottom.  Nets  In  rivers  are  sub¬ 
ject  t  j  particularly  heavy  stresses  from  current  action  and  from  debris  In  the 
stream  These  limitations  suggest  the  use  of  underwater  barbed  wtre  or  the 
erection  a  asm  1- permanent  obstructions  su-h  as  wires,  causeways  and  sheet 
piling.  Barbed  wire  can  be  (tally  and  quickly  Installed  but  cUu  r  obstacles  require 
t  me  and  effort  for  Installation. 

Counter-swimmers  have  been  suggested  to  destroy  the  attacker.  Under¬ 
water  movements  are  alow  and  cumbersome  -id  not  suited  to  physical  struggle. 

But  the  use  of  underwater  weapons  such  as  gas  or  spring-driven  spears  Is  feasible, 
The  short  range  at  visibility  la  most  harbors  Is  a  serious  limitation  for  countsr- 
swtmmera.  While  the  effectiveness  at  underwater  man-to-man  combat  as  s  defense 
against  swimmers  may  be  doubtful,  underwater  swimmers  may  still  b«  used  ef¬ 
fectively  In  searching  a#  regular  Intervals  tor  limpets  or  other  placed  charges. 

It  has  been  suggested  ‘hat  the  brain,  sans#  cf  balance,  ears  or  abdominal 
organa  at  under  ester  man  may  be  vulnsrabls  to  high  Intensity  underwater  sound, 
atthsr  sonic  or  supersonic.  This  has  bean  superficially  lnveatlgetad  as  s  means 
of  deterrence,  but  Uttle  quant  dative  lxtformatlan  Is  available.  It  should  be  possible 
to  obtain  some  at  the  needed  data  with  acoustic  mine  sweeping  gear. 

Strong  alternating  electric  currents  are  used  to  detar  fish  from  entering 
ertars  sod  underwater  orifices;  their  use  may  have  tome  applicability  against 
ctrlmmere  who  are  uaprotscisd  by  Insulating  suits. 

Trained  mammals  have  been  discussed  under  Detection.  If  they  can  be 
trained  to  detect,  they  might  be  trained  to  preer  boms  an  stack  or  to  approach 
with  explosives,  probably  at  the  aspens  s  at  self -destruction. 

Because  the  velocity,  relative  to  the  wutei’,  at  an  unaided  underwater  swim- 
mar  is  only  about  one  knot,  rapid  water  motion  around  the  object  to  be  protected 
may  be  an  effective  deterrent.  For  example,  a  ship's  screws  may  bs  reversed  to 
wash  swimmers  sway  from  the  hull,  or  the  ship  may  bo  kept  In  mct.ua  •:  low  speed. 

tn  addition  to  Its  urs  la  detection,  artificial  ,uo  {nation  can  bo  employed 
as  a  psychological  deterrent.  Cara  must  bo  taken  av.  U  urmaesaeary  «t  ■'do-.ure 
at  friendly  Installations. 
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It  is  relatively  easy  to  incruaae  the  turbidity  ol  the  water  end  title  may  in 
circumstances  when  the  underwater  men  must  remain  submerged,  an  effective 
deterrent.  Selection  of  operational  sites  wncre  the  water  is  turbid  c~  where 
strong  currents  exist  will  usually  be  advantageous  to  the  defender. 

Patrol  craft  may  be  utilised  in  detection,  and  they  may  also  be  used  to 
sweep  the  underwater  area  by  towing  nets,  hooks,  or  chains.  They  will  be  in¬ 
dispensable  as  an  adjunct  to  other  methods  of  destruction  or  deterrence. 


TABLE  VI 


SUMMARY  OF  DETERRENCE  AND  DESTRUCTION  METHODS* 


DETERRENCE 

DESTRUCTION 

SMALL  ARMS 

Poor 

[Excellent] 

Poor 

[Excellent] 

UNDERWATER 

EXPLOSION 

Poor 

Excellent 

STRONO 

CURRENTS 

Excellent 

Pocr 

COUNTER 

SWIMMERS 

Unknown 

Unknown 

HIGH 

TURBIDITY 

Good 

HIGH  INTENSITY 
NOISE 

Unknown 

Unknown 

NETS  AND 
OBSTACLES 

Fair 

Fair  if  combined  with 
automatic  weapons 

ARTIFICIAL 

ILLUMINATION 

Fair 

[Good] 

*  Items  in  table  refer  to  submerged  swimmer. 

[  ]ltems  in  brackets  refer  to  surfaced  swimmers  where  method  is  applicable. 
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lo  05  Conclusions  and  Recommendations 

1.  Countermeasures  against  undei-watcr  swimmers  have  been  practiced 
in  simple  form  but  U  S.  forces  do  not  have  available  the  knowledge  to  mount 
a  round-the-clock  defense  of  harbors  and  anchored  fleet  elements  against  a 
group  of  determined  swimmers.  The  need  exists  fo.  intensified  systematic 
research  and  development  in  thia  field. 
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